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REPRODUCTIVE RATES AND GROWTH OF PUREBRED 
BROWN SWISS CATTLE IN BRAZIL' 


G. G. CARNETRO®* anp J. L. LUSH 


Department of Animal Husbandry, Iowa State College, Ames 


That cattle of breeds originating in Europe thrive less well in tropical 
climates than in the regions of their origin is widely believed. The actual evi- 
dence is extensive enough to be convincing but is mostly from general observa- 
tions or from experience of the ‘‘trial and error’’ kind, rather than from 
experiments designed expressly to test the questions involved. Printed deserip- 
tions of such pertinent vital statistics as reproductive and growth rates, mortali- 
ties, length of life, ete., for whole populations of cattle in tropical and subtropical 
regions are rare. 

The present article summarizes from a study of Brazilian data on Brown 
Swiss cattle what seem to be the facts most interesting to North American readers. 
These cattle are commonly called ‘‘Schwyz’’ or ‘‘Raca Suica Parda’’ in Brazil. 
The detailed evidence and topics which will be of interest mainly in Brazil are 
expected to be published there. 

The literature on cattle breeding in the tropics has been reviewed by Howe 
(5) and Rathore (10). In Brazil, several aspects of dairy cattle breeding have 
been studied by some investigators, among which may be cited Joviano (7, 8), 
Rhoad (11), Carneiro (2), Villares (13), Jordao and Assis (6), and Carneiro and 
Lush (3). In general, the mortality of the calves is high and the reproductive 
rates and the milk production are low. However, the calves produced by crossing 
European sires on the native stock generally have enough resistance to withstand 
the environment, and such crossbred cows are higher in milk production than 
the natives. But, as the amount of exogenous blood increases beyond certain 
limits, the hardiness decreases and the milk production falls. Those limits and 
the validity of the general ideas just stated are not well verified. The specific 
causes of maladaptation are not at all well identified. Hence the feasible reme- 
dies for them are even less certain. 


Received for publication February 23, 1954. 

‘Journal Paper No. J-2477 of the Iowa Agricultural Experiment Station, Ames. Project 
No. 1053. 

* Present address: Departmento da producio animal, Belo Horizonte, Minas Gerais, Brazil. 
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THE MATERIAL STUDIED 


The data came from two sources: Volumes 1 to 7 of the herdbooks of the 
registry society, ‘‘ Associacao do Registro Genealégico Sehwyz do Brasil’’ which 
was founded in 1938, and from the detailed records kept at five experimental or 
demonstration farms, maintained by federal or state governments. The southern- 
most station was Ponta Grossa in Parana at about 25 degrees south, and the 
farthest north of the five was Tigipié in Pernambuco, which is not far from eight 
degrees south. The others were Pedro Leopoldo and Leopoldina in Minas Gerais 
and Pinheiral in the state of Rio de Janeiro. Nearly all of Brazil lies in the 
tropical zone but differences in latitude, altitude, rainfall, and soils, make the 
variation in climatie conditions enormous. Climatie factors may affect the cattle 
direetly by altering physiological processes and bringing discomfort, or indi- 
rectly through their effects on the pastures and on the prevalence and develop- 
ment of parasites. 

Brazilian cattle are raised almost wholly on grass. Under farm conditions 
the milk production falls about 20 to 30% during the dry season, as compared 
with the wet season (.3, 11). In the dairy regions, feeding the cattle during the 
dry season is a general practice. The feeds are silage, grass hay, chopped sugar 
cane, and small amounts of concentrates. However, the amounts of proteins 
and minerals used are small. 

Efforts to minimize the harmful effects of parasites and diseases are made, 
but the country is large and lacks transportation facilities, the level of rural 
education is low, and trained veterinarians are scarce compared with the large 
number of cattle. Management sometimes includes such poor or questionable 
practices as milking once a day, failing to test or to keep herd records, using 
untested sires, failing to cull low producers, and primitive methods of handling 
milk and milk produets. 

Most of the agricultural extension work has been done through the cattle 
shows and by lending or selling purebred or high-grade bulls to the farmers. 
This is a large part of the work of the government farms. Their experimental 
work mainly concerns methods of management. The methods of breeding and 
management used in other countries often do not produce the expected results 
in Brazil. 

The general situation with regard to breeding is that new importations are 
made frequently. On account of their value for breeding purposes, practically 
no voluntary culling is done among purebred males or females. Low yields are 
generally excused on the ground that the cows are not yet adapted to the new 
environment. However, individuals reacting positively to tests for tuberculosis 
and for Bang’s disease are eliminated. The purebreds are mostly owned by 
the government farms, which raise females for their own use and males to sell 
‘or to lend to farmers for crossbreeding with native cows or with Zebus. Some 
private farms do have purebred cattle, but the owners expect to get considerable 
revenue from the sale of these for breeding purposes and do not depend wholly 
on utilizing them for commercial milk production enterprises. 


j 
‘i 
i 
> 
| 
| 
| 
] 
| 


REPRODUCTION AND GROWTH OF CATTLE IN; BRAZIL 1147 


FINDINGS OF THIS STUDY 

Sex ratio. The first seven volumes of the registry books contain 863 purebred 
Swiss calves born from 1931 to 1947, of which 450 were males and 413 were 
females.* The males were 52.1% of the total. This slight exeess agrees with 
most data on sex ratio in cattle. A homogeneity test indicated that the sex ratio 
did not fluetuate from vear to year any more than would be expeeted from 
chance. 

Twinning. The twins found among these births were eight cases in which 
both were males and nine cases in which both were females. Twins of mixed sex 
eould not be counted readily, since registration in the herd book is for each sex 
separately. Presumably the frequency of twins of all kinds was about twice the 
frequency of like-sexed twins, or somewhere near 2% of the calvings. 


TABLE 1 
Distribution of the calvings by months (to the nearest per cent) 


Month of Pedro Ponta 

the year Season Pinheiral Leopoldina Leopoldo Grossa Tigipié® 
April Dry 6 12 10 4 9 
May i 27 9 8 3 9 
June of 16 10 10 15 12 
July 6 15 9 10 19 11 
Aug. i 11 2 8 18 8 
Sept. - 10 3 6 18 8 
Oct. Rainy Z 12 6 9 6 
Nov. 4 4 7 9 9 8 
Dee. oi 2 6 9 1 6 
Jan. e 1 11 5 trace 7 
Feb. 0 12 8 1 
March Bs trace 9 10 3 9 


“The dry and rainy seasons in Tigipié are from August to March and from April to July. 


Months of birth. The percentage of calves born in each month is shown in 
Table 1 for each of the five farms. Births during the dry season are generally 
preferred, since it is supposed to be easier to raise calves at this time of year, 
provided that feed is sufficient for the calves as well as for their dams. During 
the dry season, mud and flies are searee and the temperature is cooler. However, 
some of the purebred cows are bred whenever they are ready, in order to get the 
maximum number of calves from them within a given period of years. The 
data suggest a high degree of success at Pinheiral and at Ponta Grossa in getting 
the calves born during the dry season, but the calvings at the three other farms 
oceurred in all months of the year in fairly large numbers. The monthly distri- 
butions at these five farms differ conspicuously but we do not know whether 
any of them approached the limit of what the man in charge of the farms could 
achieve. 

Mortality of calves. The data on mortality come from only two farms. The 
management at these farms differed distinctly in some respects, which seem 
likely to be important. 


® Registry rules and conditions were such that we think males and females were equally 
likely to be registered. 
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TABLE 2 
Mortality up to 24 months of age at the Fazenda Pedro Leopoldo 
Number 
Total Born Abortions and Died before Per cent 
Sex born alive stillbirths 24 months Raised raised 
Males 246 218 28 97 121 49.8 
Females 219 200 19 73 127 58.0 
Total 467 418 49 170 248 53.1 


Pedro Leopoldo was kept free from Bang’s disease and tuberculosis. Soon 
after birth the calf was separated from its dam and put in a previously disin- 
fected individual pen. Milk was fed in a clean bucket. A grain ration was sup- 
plied and the calves were weaned when 6 to 8 months old. They were sprayed 
for ticks at regular intervals. Abortions and stillbirths and all deaths up to 24 
months were recorded. Table 2 summarizes these data for all calves born from 
1931 to 1947. They indicate that around 40 to 50% of the purebred Swiss calves 
born did not reach breeding age. 

The annual mortality at Pedro Leopoldo ranged from as low as 6% to as 
high as 78% of those born. These year-to-year variations were highly significant 
statistically, but no regular time trend was evident. Whatever factors increased 
or decreased the mortality from one vear to another seem to have operated 
irregularly. 
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Fig. 1. Mortality at various ages among the calves at Pedro Leopoldo. 
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The numbers of deaths occurring at each age interval at Pedro Leopoldo 
are shown in Figure 1 on a semi-logarithmie seale. If the percentage rate of 
deaths had been constant, these would be straight lines. Steep slopes downward 
indicate percentage death rates in the interval to which the line leads, lower 
than in the preceding interval, whereas rising slopes or even slight downward 
slopes lead to periods when the death rates rose. It appears that the periods 
of maximum death rates were before 3 months and from 9 to 12 months. The 
latter is the period when the calves were weaned and starting to live on pastures. 
It is in these two life stages that investigations of the causes of death seem most 
likely to be fruitful. 

At Pinheiral, the calves were allowed to suckle their dams at will during the 
day in order to minimize the calf losses. The data at Pinheiral extended only 
until shortly after weaning and did not include abortions and stillbirths. Eighty- 
nine deaths in both sexes were reported among 649 live births from 1932 to 1947. 
This is a mortality of about 14%. If abortions and stillbirths occurred at the 
same rate as at Pedro Leopoldo, the death percentage at Pinheiral would rise to 
24.6%, which is close to the 26.3% found at Pedro Leopoldo for deaths within 
the first 9 months of age. Thus, as far as they go, the results at Pinheiral con- 
firm those at Pedro Leopoldo in indieating that only about 50 to 60 purebred 
Swiss calves reach breeding age for each 100 ealvings at these farms. 

Joviano (8) lists, in order of their frequency, the following causes of death 
from 1937 to 1941 among purebred Swiss of all ages at Pedro Leopoldo: abor- 
tions and stillbirths; foot-and-mouth disease; pneumonia; snake poisoning; 
pneumo-enteritis; weed poisoning; tuberculosis; gastrventeritis (acute and 
> At Pinheiral the inspector 
in charge reported the most important causes as: tick fever; foot-and-mouth 
disease; pneumonia; congenital debility; and disturbances in the digestive 
and urinary tracts. 

With a mortality of near 50%, the average number of calvings per cow must 
be nearly four in order to maintain numbers, even if no voluntary culling is 
practiced. If mortality rates were lower, there would be more opportunity for 
intensive selection, there would be less need for continuing large importations 
of cattle from foreign countries, and the purebred populations could expand 
more rapidly in numbers. Although veterinarians have done much to minimize 
the heavy loss of calves, much more needs to be done. 

Length of generation. The interval between generations can be measured by 
the mean age of the parents at the time their offspring were born. Length of 


TABLE 3 
Mean ages (in months) of sires and dams of male and female calves 
Sires of Dams of 
Males Females Total Males Females Total 
Number 739 706 1,445 739 706 1,445 
Average in months 62.5 60.5 61.5 77.6 77.0 77.3 


Standard deviation in months 23.0 23.4 23.2 32.6 35.3 34.0 
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SIRES 
MEAN'61.5 MONTHS 


OaAMS 
MEAN: 773 MONTHS 


PER CENT 
> 


MIDPARENTS 
MEAN: 69.0 MONTHS 
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1105 
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158.5 
1705 
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134.5 


AGES, IN MONTHS 


Fie. 2. Distribution of the sires, dams, and midparents aceording to age. 


generation needs to be known if the rate of improvement per generation is to 
be translated into rate of improvement per year for a breed or any other group 
of domestic animals. The evidence on this point came from 1,445 purebred 
Swiss calves, 739 males and 706 females, born from 1937 to 1946 and registered 
in volumes 1-7 of the Herdbook. The results are shown in Table 3 and Figure 2. 

As might have been expected, the ages of the parents of males and of the 
parents of females did not differ significantly, but the sires averaged much 
younger than the dams. The mean age of the parents was 69 months, which is 
a bit higher than the 5.4 vears found by Yoder and Lush (74) for the Brown 
Swiss in the United States. 

In a newly introduced and expanding breed of cattle, the proportion of 
older individuals (mostly cows) is expected to be a bit lower than in a popula- 
tion constant in numbers, but to increase with time. The mean age of the parents 
in these data was caleulated for each year separately, and the results show a 
‘rather steady increase from 64.5 months in 1937 to 73.8 months in 1946. A 
straight line fitted by least squares showed an average increase of nearly 0.9 
month per vear during this 9-year interval, with only a faint hint that this 
trend in the yearly averages really deviated from a straight line. 
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Useful life of bulls. The data for this phase of the study eame from the 
Herdbook. Bulls with known age at death numbered 193, and their average pro- 
ductive life after 24 months of age was 75 + 2.4 months, with a standard devia- 
tion of 34 months. This is a longer period than that found by Smith (72) in 
Britain and by Lush and Lacy (9) in the United States. This difference might 
be due in part to the registry system which in Brazil would include many of the 
bulls which were used only in grade herds at the older ages. Those would not 
have been detected by the methods used in the studies in Britain or in the United 
States. Also, purebreds are scarcer in Brazil, so that there is less culling among 
them. Furthermore, the program of lending bulls to farmers tends to keep as 
many bulls as possible in active service. If the average productive life actually 
is 75 months, the annual replacement is about 16% of the bulls in use. Such a 
long productive life gives opportunity for utilizing progeny testing, since a 
bull can begin to be proven by his daughters about four vears after he is first 
put into service, provided his first daughters are tested. 

Useful life of cows. The average age of 390 cows at first calving on these 
five farms was 44 months, with a standard deviation of 11.7 months. The aver- 
ages at the five farms ranged only from 39 to 45 months, and the differences 
between farms do not seem significant. This average is higher than the figures 
reported for temperate zones, as was found also by various other students of 
cattle in the tropics. In Jamaica, Howe (5) found a mean age at first calving 
of 34.7 months for purebred Jerseys and 37.6 months for all Jerseys, including 
grades and purebreds. He also found 38.6 months for purebred Guernseys, 
42.9 months for all Guernseys, and 41.6 months for crossbred Holsteins. He 
concluded that animals with higher percentages of Zebu blood are slower-matur- 
ing sexually than are European cattle. Jordao and Assis (6) at Sao Paulo found 
that the age of calving was 39 months for imported Holsteins and 35 months 
for grade Holsteins. Carneiro (2) reported an average of 38.7 months for grade 
Simmenthalers kept under the pen-keeping system. Joviano (8) reported for 
the purebred Swiss heifers at Pedro Leopoldo between 1936 and 1941 a mean 
age of 3.5 years at first freshening. This is close to the findings of the present 
study, which ineluded part of Joviano’s data. 


TABLE 4 
Average ages (in months) of cows, by order of calving 

Calvings Mean n a 

First 44 390 11.7 
Second 62 290 11.8 
Third 78 219 13.4 
Fourth 93 170 14.3 
Fifth 109 - 126 15.7 
Sixth 125 89 17.6 
Seventh 140 51 17.5 
Eighth 153 28 20.0 
Ninth 165 18 14.0 
Tenth 179 6 9.6 


Eleventh 194 2 19.1 


| 
| 
| 


1152 G. G. CARNEIRO AND J. L. LUSH 


One plausible reason for the high age at first calving is that first service was 
deliberately delayed in many cases in order to avoid troubles at parturition, 
which are said to be frequent on account of the size of the Swiss calves. Joviano 
reports 29 months as the average age at first service for 275 heifers. This, 
however, is not very different from Engeler’s report (4) that the mean ages 
for the Brown Swiss heifers in Switzerland are 28.5 months at the first breeding 
and 38.2 months at the first calving. The average ages by order of calving are 
shown in Table 4. Differences between the farms seemed to be only sampling 
ones; at least there was no hint of statistically significant differences between 
farms at calvings after the third. 

The average productive life of purebred Swiss cows is shown in Table 5, 
productive life being defined as the period from first calving to the date of cow’s 
disposal or death. Presumably the slightly longer productive life of the imported 


TABLE 5 
Average productive life of purebred Swiss cows 
Average 

productive Standard 
Groups No. life deviation 
(months) (months) 

All cows 210 57 41 

Imported cows 61 62 43 

Nonimported cows 149 55 41 


cows is due to their having received somewhat better care because more money 
had been invested in them. Also, the cows in Table 5 are a selected group in that 
each had calved at least once. Analysis of variance in length of productive life 
gave no indication that age at first calving had an effect, either among the 
imported or nonimported cows in Brazil. If 57 months is the average productive 
life of the purebred Swiss cows, the annual replacement necessary to maintain 
numbers would be 21.3%. In any extrapolation of this figure to the future, it 
is to be remembered that the data come from a period in which numbers were 
expanding and there was little if any voluntary culling. 

The average of the 944 known ealving intervals on these five farms was 16.8 
months. For the imported cows the average was 16.7 months and for those born 
in Brazil it was 16.9 months, the difference being much too small to be statistically 
significant. In Switzerland, Engeler (4) reported an average interval of 13.8 
months for Brown Swiss. The length of calving interval appears to decrease 
slightly as the cows became older, but this only bordered on statistical signifi- 
eance. Most of this apparent trend came from the unusually long first intervals 
at Pinheiral. Long intervals between calvings reduce the production of the cow 
in consequence either of the low amount of milk produced near the end of the 

_laetation or of her having a dry period longer than is optimum. The length of 

ealving interval may indicate something about the reproductive ability of the 
cows, although genuine differences between the cows themselves may be almost 
inextricably entangled with differences caused by management practices. 
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The 210 cows whose lifetimes were complete averaged 3.6 normal calvings 
during their lives with a standard deviation of 2.5. 

Inbreeding. As the total number of Swiss cattle in Brazil is small, it was 
conceivable that a high level of inbreeding might have been reached, although 
generally populations must be extremely small and remain completely isolated 
for many generations for this to occur. The 678 registered females born in 
the years 1940-1946 were investigated. The average coefficient of inbreeding 
(Wright’s) increased from 0.1% for the 79 head born in 1940 to 2.2% for the 
106 head born in 1946. These coefficients are relative to the great-grandparents. 
Extreme inbreeding is certainly uncommon, but the period of time covered is 
so short, in generations of cattle, that a high average coefficient of inbreeding 
for the whole group is searcely to be expected. 

Growth of purebred Swiss calves. Average live weights for the calves at Pedro 
Leopoldo and Pinheiral at ages up to 12 months are shown in Table 6 for males 
and females separately. The data inelude all live weights available at each age, 


TABLE 6 
Average weights (in kg.) of purebred Swiss calves at 3-month intervals 
Pedro Leopoldo Pinheiral Total 
(1931-1947) (1941-1947) Standard 
Age Sex n Av. n Av. n Av. deviation 
(mo.) 
Birth M 233 37.6 143 40.4 366 39 6.4 
F 199 35.1 158 36.2 357 36 5.7 
3 M 164 88.9 116 89.7 280 89 23.2 
F 161 85.0 139 84.3 300 85 18.3 
6 M 152 151.7 92 139.7 244 147 35.7 
F 149 138.8 106 134.5 255 137 29.8 
iS) M 144 189.3 104 194.5 248 191 43.8 
F 138 177.3 125 182.1 263 180 34.7 
12 M 125 220.9 99 221.4 224 221 45.9 
F 129 201.7 124 206.3 253 204 36.4 
15 M 116 251 47 
F 120 228 36 
18 M 106 286 50 
F 116 259 37 
21 M 93 321 56 
F 112 290 43 
24 M 68 361 62 
F 106 315 50 
Adult M — 
F 113 438 54 


regardless of whether the calf had its weight recorded at all other ages. Weights 
at ages older than 12 months were available only from Pedro Leopoldo. 

The difference between the two farms was small, the calves at Pinheiral being 
larger at birth, about the same at 3 months, smaller at 6 months, larger at 9 
months, and larger, but not significantly so, at 12 months. The two methods of 
rearing, artificial feeding at Pedro Leopoldo, and being allowed to follow their 
dams at Pinheiral, seem to produce nearly the same results at 12 months. 

The males were consistently and significantly heavier than the females. The 
difference is of the order of 5 to 8%. 
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Fic. 3. Growth curves of four dairy breeds in the United States (after Brody) and of the 
purebred Swiss cattle in Brazil. 


Figure 3 shows on a semi-log scale the growth curve of the Swiss heifers 
compared with the standards of other breeds in the United States as given by 
Brody (1, Table 16.2). As judged by this standard, the Swiss heifers in Brazil 
grow well during the first 3 months but afterward more slowly than the other 
breeds reported by Brody, until finally at ages of 15 months and upward they 
are even lighter than the Jerseys in the United States. Apparently some factors 
affect adversely the growth of Swiss heifers after they pass 3 months of age 
and still more extremely at ages of 9 to 15 months. Although these adverse effects 


TABLE 7 
Analysis of variance in the 12-month weights of heifers 


Degrees of Composition of the 
Source of variance freedom Mean square mean square 
243 243 

949 9 —— Y 
Total 242 1,321 E + 72 S + 18 ¥ 
Between years 17 4,105 
Within years 225 1,111 
Between sires within years 54 1,251 E +- 727 8 
Within sires within years 171 1,009 E 


8=71.7; Y=2114 
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were not identified, the stage at which they occur indicates that they are things 
which began to happen at or about weaning time, when the heifers were turned 
into the pastures. 

Heritability of differences in live weights. Table 7 shows an analysis of vari- 
ance of weights at 12 months for all 243 heifers for which individual sires were 
known. Differences between years were highly significant, but the interpretation 
of this is uncertain. Many things might have changed from year to year, in- 
eluding such biologically diverse things as changes in management, changes in 
weather, and resultant feed supply and insect incidence, and changes in the 
genetic composition of the population. 


The intra-year correlation between paternal sisters, Sap Was 0.066 which, 


multiplied by four, yields 0.264 as an estimate of the heritability of individual 
differences between those heifers in their live weights at 12 months. However, 
this is not statistically significant, as the 95% confidence intervai for the paternal 
sib correlation of 0.066 was from —0.10 to +0.20. On this volume of data this 
estimate of heritability can be regarded only as a straw in the wind, but no way 
of exploring heritability further was evident. The large size of the Y component 
may serve as a warning against using the paternal half-sib correlation without 
first subtracting or correcting for time trends. The numerical value of the 
paternal half-sister correlation in these data, if no attention is paid to years, 
would be: a Ty which is 0.219. Any use of this correlation, or indeed 
of the intra-year one, as a basis for estimating heritability, obviously requires 
some knowledge or working hypothesis concerning how much is genetie in the 8 
and Y components. Multiplication by four to estimate heritability gives tre- 
mendous leverage to any errors caused by supposing that all of S or Y are due 
to genetic differences. 


SUMMARY 


Pertinent facts about the reproductive and growth rates of purebred Brown 
Swiss cattle in Brazil are described as a step in locating the influences which 
lower the adaptability of European breeds of cattle to tropical conditions. 

At two of the five publicly-owned farms, about 80% of the calvings occurred 
during the dry season. At the three other farms, the calvings were distributed 
nearly equally in the seasons. The sex ratio was 52.1% males among the pure- 
bred calves born. 

At the one farm which had complete data on calf mortality, 219 of the 467 
born were abortions and stillbirths or died before reaching 24 months of age. At 
another farm, 89 of the 684 born alive had died by weaning time or shortly 
afterward. These two farms agreed fairly well on the amount of mortality before 
weaning among those born alive. It appears that only about 50 to 60% of the 
ealvings result in animals which live to at least 2 years of age. A little more 
than half the total deaths before 24 months occurred between birth and 3 months. 
The other period when mortality was especially high was from 9 to 12 months, 
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which coincides roughly with the period when the calves are turned out in the 
pastures. Year-to-year variation in the death rate was large and statistically 
significant, but irregular. According to the men in charge at these farms, the 
most important causes of death were: abortion, stillbirths, tick fever, pneumonia, 
congenital debility, and foot-and-mouth disease. 

The sires averaged 61.5 months and the dams 77.3 months of age when their 
offspring were born. This amounts to an average interval of 5.75 years between 
generations. The purebred Brown Swiss cattle population was expanding over 
this period and the generation interval was increasing at about 0.9 month per 
year as the population came to inelude a larger fraction of older breeding 
animals. If it is assumed that the bulls go into service at 24 months, their 
average productive life was 75 months and the annual replacement of those in 
use was about 16%. The average productive life of the cows from first calving 
to the date of their disposal or death was 62 months for imported cows and 55 
months for those born in Brazil. This makes an annual replacement rate among 
cows of 21%, but this figure makes no allowance for heifers which were intended 
for breeding but never calved, or for the population being an expanding one. 

The heifers averaged 44 months old at first freshening. The average interval 
between consecutive ecalvings was 16.8 months. No significant difference in 
ealving interval was found between imported and nonimported cows, and there 
was no clear evidence of calving interval being affected by the age of the cow. 

Little inbreeding has occurred among these Brown Swiss cattle in Brazil. 

On the two farms which recorded live weights, the males were significantly 
heavier, the difference generally being of the order of 5 to 8%. The calves grew 
well during the first 3 months but after that, and especially after weaning, the 
growth rates were much lower than those generally regarded as standard in the 
United States. 

Heritability of intra-year differences in live weight among the Brown Swiss 
heifers at 12 months was estimated at 0.26 on the basis of mean squares within 
and between sires within years, but this was not statistically significant and can 
be regarded only as a highly uncertain indication. 
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A STUDY OF 1,000 BOVINE GENITALIA! 


J. R. PERKINS, DURWARD OLDS, anp D. M. SEATH 


Kentucky Agricultural Experiment Station, Lexington 


Infertility in dairy eattle is one of the more serious problems facing dairy- 
men today. Trimberger and Davis (9) have estimated that about 6% of the 
cows are sterile and that about 14% of those which do conceive require three or 
more services. Financial losses occur when valuable animals must be sold as 
nonbreeders. Fewer calves and less milk are produced when calving intervals 
exceed 12 months. 

The present study was made in order to: (a) gain information regarding 
the variation to be expected in the normal size of reproductive organs in cows ; 
(b) confirm and expand information regarding the establishment of fetal mem- 
branes; (c) correlate the size of the fetus with the diameter of the uterus, as an 
aid in estimating the stage of gestation by rectal palpation in live cows; and 
(d) tabulate the frequeney of gross abnormalities in the female reproductive 


organs. 


EXPERIMENTAL PROCEDURE 


The data for this study were gathered from the examination of the repro- 
duetive tracts of 1,000 slaughter-house cows and heifers. In routine slaughter of 
eattle no doubt many cows are included that have been sold as nonbreeders. 
These data would have been more desirable had they been obtained from a 
random sample of the cow population. Nevertheless, it is likely that the relative 
frequency of abnormalities will be similar to that found in an over-all cow popu- 
lation. The comparison of abnormalities found in heifers and in cows should 
indicate the abnormalities which are associated with pregnaney and parturition. 


RESULTS AND DISCUSSION 


The various parts of the reproductive tracts of 100 parous cows were meas- 
ured. The average of these measurements are found in Table 1. Only those free 
of any visible pathological condition were used. Results from the measurements 
were in general agreement with those of Sisson and Grossman (6). However, 
there were some rather outstanding differences. The mean length of the vagina 
was found to be approximately 7 in., as compared with 10-12 in. as reported by 
Sisson and Grossman, and the cervix was found to be an inch shorter than the 
4 in. which they reported. 

The right ovary was slightly larger than the left ovary, and the right uterine 
horn was greater in length and in diameter than the left horn. It is possible that 
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TABLE 1 
The average size of the reproductive organs of parous cows 
Measurement 
Number Standard Standard 
Organ measured Mean deviation Mean deviation 
(em.) (em.) (in.) (in.) 

Vulva 

Length 91 9.65 1.24 3.8 0.49 
Vagina 

Length 95 7.58 1.84 6.9 0.72 
Cervix 

Length 100 7.99 1.38 | 0.54 

Diameter 100 3.25 0.83 13 0.33 

No. of folds 93 3.22 0.70 3.22 0.70 
Left uterine horn 

Length 100 39.00 6.82 15.35 2.69 

Diameter 100 2.28 0.40 0.89 0.16 
Right uterine horn 

Length 100 39.56 7.42 15.57 2.92 

Diameter 100 2.40 0.57 0.94 0.22 
Left oviduct 

Length 98 20.68 2.30 8.14 0.91 

Diameter 98 0.26 0.036 0.10 0.014 
Right oviduct 

Length 95 20.71 2.40 §.15 0.94 

Diameter 95 0.26 0.036 0.10 0.014 
Left ovary 

Length 99 3.44 0.537 1.35 0.21 

Width 99 2.28 0.451 0.88 0.18 

Thickness 99 1.62 0.385 0.64 0.15 
Right ovary 

Length 97 3.60 0.576 1.42 0.23 

Width 97 2.40 0.534 0.94 0.21 

Thickness 97 1.75 0.388 0.69 0.15 


the greater size of the right horn was due to the more frequent occurrence of 
pregnancy in that horn. 

Of the 1,000 specimens studied, 255, or 25.5%, were pregnant. The right 
horn contained 57.3% of these pregnancies. Other workers (4, 5) also have 
found that the right ovary functions more frequently than the left. 

The corpus luteum of pregnancy was found on the ovary opposite the horn 
earrying the fetus in four of the 255 pregnancies. Presumably, this could be due 
to intra-uterine migration of ova. Such a phenomenon is of common occurrence 
in swine (17). Another possibility has been suggested by the work of Clark (1), 
who found that some pregnant cows may develop a new corpus luteum on the 
opposite ovary while the original corpus luteum of pregnancy regresses, The 
physiological mechanism for this occurrence is not understood. It has been 
reported (2, 3) that 3 to 5% of the cows return to heat while pregnant. 


A positive correlation was found between the crown-rump length of the fetus 
(distanee from crown of head to rump) and the diameter of the uterine horns. 
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A calculation of the regression relationship (7) showed that there was an increase 
of 0.374 em. in the diameter of the pregnant horn for each centimeter inerease 
in crown-rump length of the fetus. There was a corresponding increase of 
0.079 em. in the diameter of the nongravid horn. 

For convenience in handling, specimens which were estimated to be more 
than 4 months pregnant were discarded at the slaughter house. A summary of 
the measurements on pregnant specimens is given in Table 2. 


TABLE 2 
Crown-rump length of fetus and diameter of the uterine horns at various stages of pregnancy 
Estimated period “ Crown-rump Pregnant horn Nonpregnant horn 
of pregnancy length” diameter diameter 
(Days) (em, ) (em.) (em.) 
30 1.2 2.79 2.43 
42 2.3 3.20 2.52 
60 6.6 4.81 2.86 
90 16.4 8.47 3.64 
120 27.1 12.48 6.58 


* The estimated ages for fetuses up to 6.0 em. were taken from Winters et al. (12), and the 
estimated ages for fetuses over 6.0 cm. were taken from Swett et al. (8). 
» Straight line measurement from crown of head to rump. 


The development and attachment of fetal membranes were studied in 153 
single pregnancies. The membranes were found to be in the process of formation 
at very early stages. They were entering the nongravid horn when the erown- 
rump measurement of the fetus was 1.2 em. (about 35 days old). When the fetus 
was 2.5 em. long (about 40 days), the membranes began to show evidence of 
attachment in the pregnant horn, and when the fetus was about 6.0 em. long 
(60 days old), the attachment began in the nonpregnant horn. 

About 54% of the 556 reproductive tracts from cows and the same per cent 
from the 444 heifers showed one or more abnormalities of the reproductive tract. 
Although there was no difference in the percentage of cows and heifers having 
abnormalities, certain conditions were more prevalent in one than in the other. 
(See Table 3.) 

Based on the presence and severity of abnormalities, it seemed certain that 
at least 3.3% of the specimens were from cows that were sterile. In addition, 
about 8.6% of the specimens had abnormalities which, though they might not 
cause complete sterility, probably would lower fertility. More than half of these 
abnormalities were infections or injuries which probably could have been pre- 
vented by proper management at calving time or possibly could have been suc- 
cessfully treated by competent veterinarians. (These observations are only esti- 
mations and should not be considered as established facts. ) 

Granular vaginitis was the most frequent abnormality encountered in this 
study. As shown in Table 3, 28.3% of the 1,000 specimens had granular vaginitis, 
although none of these were listed in the 119 cases of lowered fertility mentioned 
above. Troutman (10) has found from a field study that granular vaginitis may 
lower the breeding efficiency by 3 to 10 percentage units, depending on its 
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TABLE 3 
Occurrence of abnormalities in 1,000 slaughter house specimens 


Frequency of occurrence 


Inall Inall In all 


specimens cows heifers 
Abnormality (1,000) (556) (444) 
(Yo) (%) (%) 
Granular vaginitis 28.3 23.0 34.9 
Cervicitis 8.9 15.45 0.675 
Vaginitis 6.7 8.27 4.73 
Hymens 6.3 0.00 14.175 
Metritis 53 9.0 0.675 
Ovarian adhesions 4.8 6.77 2.25 
Cysts of the vulva 3 5.9 0.225 
Cystie ovaries 2.2 3.06 1.125 
Salpingitis 1.3 1.60 0.9 
Vaginal eysts 0.7 1.08 0.225 
Incomplete tracts 0.5 0.00 1.125 
Double cervix 0.3 0.00 0.675 
Adhesion of uterus 0.3 0.18 0.45 
Punctured vagina 0.2 0.00 0.45 
Cervical cysts 0.2 0.36 0.000 
Uterus unicornus 0.2 0.00 0.45 
Decomposing fetuses 0.2 0.00 0.45 
Mummified fetus 0.1 0.18 0.000 
Invaginated uterus 0.1 0.18 0.000 


severity. His study was made from artificial breeding results, and the effects 
might be more severe if natural service were used. 

Cervicitis, metritis, and vaginitis were found to oceur almost entirely in the 
reproductive tracts of cows and not in heifers. These findings indicate that 
these diseases may be closely associated with pregnancy and parturition. The 
conditions found ranged from mild to quite severe, with some few cases of 
metritis being severe enough probably to cause permanent sterility. 

Granular vaginitis, plus the presence of hymens and anatomical abnormalities, 
was found to occur more frequently in the organs of heifers than in those of 
cows. There are no means of treating anatomical abnormalities, and the hymens 
seemed to be lost at the time of service or parturition. 

Cysts other than ovarian were found in 43 of the 1,000 reproductive tracts, 
34 of them being of the major vestibular gland. Cysts were found also in the 
vagina and cervix. This type of cyst has not been reported as having an effect 
on fertility. 

All ovarian cysts, cystic follicles, and cystic corpora lutea were listed to- 
gether. Of the 22 cases, 14 were follicular and 8 were luteal cysts. 

There was a definite decrease in abnormalities of the reproductive tract as 
examination progressed from the vulva to the oviducts. Thirty-six and nine- 
tenths per cent of the vulvas, 13.9% of the vaginas, 9.4% of the cervices, 5.9% 
of the uteri, and 1.3% of the oviducts had one or more abnormality. The ovaries 
showed abnormalities in 7.0% of the specimens. 


The occurrence of abnormalities of the various organs which were definitely 
severe enough to cause lowered fertility or sterility numbered 119 cases and were 
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distributed as follows: ovaries, 40% ; uterus, 33%; vagina, 18%; cervix, 7% ; 
and oviduets, 2%. 


SUMMARY 


The average measurement (length, unless otherwise stated) for the various 
parts of apparently normal reproductive tracts from 100 parous cows were as 
follows: vulva, 3.8 + 0.49 in.; vagina, 6.9 + 0.72 in.; cervix, 3.1 + 0.54 in. 
(2 to 4 transverse folds; diam. 1.3 + 0.3 in.); uterine horns, 15.46 + 2.80 in. 
(diam. 0.9 + 0.2 in.) ; oviduets, 8.1 + 0.9 in. (diam. 0.1 + 0.01 in.) ; and ovaries, 
about 1.4 x 0.9 X 0.65 in. The right ovary and right uterine horn were, on the 
average, slightly larger than their counterparts on the left. Among 255 pregnant 
specimens studied, 57.3% of the fetuses were found in the right uterine horn. 
The corpus luteum of pregnancy was found in the ovary opposite the horn 
carrying the fetus in four cases. 

Fetal membranes were studied in 153 specimens having single fetuses of 
varying sizes. Though there were obvious variations, the membranes appeared 
to extend into the nongravid uterine horn when the fetus was about 1.2 em. long 
(35 days) and showed evidence of attachment in the gravid horn when the fetus 
was about 2.5 em. long (40 days). 

Among 1,000 slaughter-house specimens, about 54% showed visible evidence 
of one or more abnormalities. Of the 1,000 organs examined, 3.3% had abnor- 
malities which definitely would have rendered the cow sterile, and another 8.6% 
had abnormalities severe enough probably to cause lowered fertility. 

Granular vaginitis was present in 28.3% of the specimens and was the most 
frequent abnormality found. Vaginitis (nongranular), cervicitis, and metritis 
were much more frequent in specimens from cows than in those from heifers. 
Among specimens from heifers, granular vaginitis, persistent hymens, and other 
anatomical abnormalities were most often found. In general (all specimens), 
the incidence of abnormalities decreased as the distance from the exterior in- 
ereased. (The ovaries were an exception to this rule, however.) 
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THE EFFECT OF STORAGE TEMPERATURES ON THE GROWTH 
OF PSYCHROPHILIC ORGANISMS IN STERILE AND 
LABORATORY PASTEURIZED SKIMMILKS'* 


W. C. LAWTON anp F. E. NELSON 
Dairy Industry Section, Iowa Agricultural Experiment Station, Ames 


Growth of organisms at refrigeration temperature in market milk is becoming 
more important because of the longer periods of holding before consumption. 
Rogick and Burgwald (12) reported that no psychrophilie bacteria ever were 
found in 4.1 ml. of pasteurized milk taken from the vat or high-temperature 
short-time pasteurizer; psychrophilie bacteria were found in some of the bottled 
milk, particularly in the first milk bottled, indicating post-pasteurization econ- 
tamination. Erdman and Thornton (9) found that only four of 722 psyehro- 
philic isolates were able to withstand pasteurization in the laboratory. These 
results would seem to account for the findings of Sherman et al. (13) that bae- 
terial growth in pasteurized milk was much slower at 0° C. than growth in raw 
milk at the same temperature and the keeping quality was two to three times as 
long. Reinoculation of pasteurized milk with minute amounts of raw milk de- 
creased the keeping quality of the pasteurized milk so that it was similar to raw 
milk. 

Dahlberg (7) found that coliform bacteria in pasteurized milk stored at 
refrigeration temperatures increased more rapidly than total count. This may 
have been due to psychrophilie coliforms or to the fact that they were recon- 
taminants, not subjected to heat treatment, and so were more actively growing 
than those organisms which survived the heat treatment. In a study of com- 
mercial milk supplies, Dahlberg (6) also found that celiforms increased on low 
temperature storage as rapidly as other bacteria. However, standard plate counts 
were made at 37° C., which would not allow the enumeration of some bacteria 
growing at lower temperatures. 

Burgwald and Josephson (4), Dahlberg (6), and Chaffee (5) all reported 
that the bacterial count did not tend to increase until after 3-4 days. Incubation 
temperatures used for plates were not reported in all cases, and it is possible 
that some of the counts are not valid in the light of later knowledge about the 
growth of low-temperature organisms. 

The studies reported in this paper were started when pasteurized milk 
samples from different commercial sources all were found to contain some organ- 
isms that would grow at 3° C. when a 10° dilution was plated after the milk had 
been held for 1 week at 3° C. It was decided that if organisms capable of growth 
at this low temperature are so prevalent it may be desirable to know more about 
their activities at different growth temperatures. 


Received for publication April 2, 1954. 
‘Journal paper No. J-2495 of the Iowa Agricultural Experiment Station, Ames. Project 
1232. 


1164 


i 


EFFECT OF STORAGE TEMPERATURES ON PSYCHROPHILIC ORGANISMS 1165 


METHODS 


Commercial samples of pasteurized milk were obtained, plated on tryptone- 
glucose-extract (TGE) agar (8) and incubated at 3° C. until colonies appeared. 
Single colonies were picked from these plates and propagated in litmus milk. 
Each culture obtained was subsequently purified by at least three single-colony 
isolations. Culture 13, a known Pseudomonas fragi, was obtained from the stock 
collection of the department. All cultures were carried at 5° C. and transferred 
in litmus milk every 10 days. A 10-day-old culture was used as inoculum for 
all growth curve studies. 

Tests used to characterize organisms were those outlined in the Manual of 
Methods for Pure Culture Study of Bacteria (14). Bergey’s Manual (3) was 
used in classifying the organisms. 

Milk in 100-ml. quantities was laboratory pasteurized at 61.7° C. for 30 
minutes, rapidly cooled, and held at 3° C. overnight. The following morning the 
samples were divided into two parts, one part being inoculated with 10° cells 
of one of the isolated cultures, the other part serving as a control. Each part 
was then further subdivided into screw-cap test tubes in about 5-ml. quantities 
so that a separate tube was available for each sampling period for both sample 
and control. Tubes then were stored at 5, 10, 21, 25, and 32° C., a single pair 
being plated from each temperature for each given time interval. All samples 
were plated on TGE agar and incubated at 25° C. for 3 days. This time and 
temperature was used as it had been found previously by Nelson and Baker (11) 
to be most favorable for bacteria which grow at refrigeration temperatures, 
while also permitting many other organisms to grow. This was supported by 
Atherton et al. (1). When they plated samples at 32, 26, and 20°C., nearly 
identical counts were obtained and these counts were equaled by counts at 10° C. 
after 6 days of holding. 

Growth curves also were made with sterile skimmilk prepared by reconsti- 
tuting dry skimmilk solids to make a 10% solution and autoclaving for 15 
minutes at 15 Ib. pressure. During these tests 50-ml. quantities of milk were 
held overnight at the storage temperature to be used, inoculated with about 10° 
cells of a pure culture, subdivided into screw-cap tubes, and incubated at the 
indicated temperatures. Again, plating was done on TGE agar with incubation 
at 25° C. for 3 days. 

Generation times were calculated for some intervals by the use of the formula: 

_ T log 2 
” log b — log a 
where g is generation time in minutes, 7 is time interval in minutes, a is count 
at the beginning, and b is count at the end of time 7. 


RESULTS 
Fifty isolates were made from ten sources of commercial milk. Since sereen- 
ing tests indicated that many of the isolates were very similar, eight organisms 
were selected as being representative of the various species present. 
The organisms used and the number designations were as follows : 
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Culture 1 was identified as Pseudomonas ovalis. 

Culture 3 was very similar to Pseudomonas fluorescens except that it did not 
reduce nitrates, and gelatin was completely liquefied in 3 days at 
25° C. 

Culture 4 was identifiable as Pseudomonas arvilla, but its reaction in naphtha- 
lene was not checked. 

Culture 8 was identifiable as Pseudomonas cruciviae, but its action on phenol 
and m-eresol was not checked. 

Culture 9 was identifiable as Flavobacterium aquatile except that its optimum 
temperature was not as high as 25° C. 

Culture 10 was a Pseudomonas species which did not seem to fit in Bergey’s 
classification, as it was not fluorescent, caused rapid and complete 
proteolysis of milk, liquefied gelatin, and did not reduce nitrates. 

Culture 11 was identifiable as Pseudomonas fluorescens except that reduction of 
nitrates continued beyond the nitrite stage. There was a slight sug- 
gestion of viscid character on initial isolation, and it is possible that 
this culture was Pseudomonas viscosa that had lost its viseid charac- 
teristics. 
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Fig. 1. Culture 3 in laboratory-pasteurized milk. 
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Culture 12 was similar to Pseudomonas geniculata, the only differences being 
that it did not reduce the litmus milk or cause any visible coagulation 
except after prolonged incubation at 25° C. 

Culture 13 was a typical Pseudomonas fragi except that it did not cause an acid 
coagulation of milk except at 32° C. 


Although there was some variation from the characteristics given in Bergey’s 
manual for some of the species, identification as indicated seemed to be warranted. 

Figure 1 shows curves obtained at five storage temperatures when culture 3 
was grown in laboratory pasturized milk. It was apparent from both sample 
and control that 21, 25, and 32° C. had a similar effect on the rate of growth in 
the logarithmic phase. The uninoculated controls and the inoculated samples 
were separated at these temperatures only by the amount attributable to the 
inoculum used, as the two groups of curves rose nearly parallel to each other. 
At 5 and 10° C. the control increased in count very little, whereas the count of 
inoculated samples rose to a level similar to that reached at the higher tempera- 
tures but at a much slower rate. The 5 and 10° C. curves were similar and were 
separated only by the increased lag phase encountered at the lower temperature. 
The same or very similar results were obtained with cultures 3, 8, 10, and 11. 

As results in Figure 2 demonstrate, when the cultures were added to sterile 
skimmilk and stored at the various temperatures, the resulting growth curves 
were strikingly similar to those obtained with laboratory-pasteurized milk. 


LOG OF COUNT / ML 
5, 


10 


2 
O 24 168 216 
TIME OF STORAGE (HOURS) 


Fig. 2. Culture 3 in sterile milk. 
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Some of the cultures used did show some variation from the general picture 
presented in Figures 1 and 2. Culture 9, when grown in sterile skimmilk, grew 
very slowly with a lag phase of about 48 hours at all temperatures. The rate of 
growth was much slower, even in the logarithmic phase. Growth did not take 
place at 32° C., and the rate of growth at 21 and 25° C. was slower than at 5 
and 10° C. At the end of 9 days the counts at 21 and 25° C. were only about 10°, 
as compared to about 10° for 5 and 10° C. storage. Some of the poor results 
obtained may be explained by the poor growth of this organism on most agar 
media, making plate counts rather erratic. Cultures 4, 12, and 13 grew slower 
at 32° C. than at 21 or 25°C. This is illustrated by the data for culture 12 
which are graphed in Figure 3. The short logarithmic phase, followed by a 
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Fig. 3. Culture 12 in sterile milk. 


leveling off at 32° C., may have been due to the temperature being very near the 
upper limit of growth for many low temperature organisms. Erdman and 
Thornton (9) reported that not a single culture of the 722 isolated by them 
was able to grow at 35.5° C. Rogick and Burgwald (12) reported growth at 
35° C., but ineubation at this temperature tended to change the ability of some 
of their isolates to produce acid or alkaline reactions, indicating some effect on 
their growth by this higher temperature. Culture 8 grew rather slowly at 5 and 
10° C. but reached a high level after 8-9 days. This organism had a higher 
optimum temperature than the other isolates, and the lower temperature may be 
right at the extreme limit of its growth range. 

The minimum generation time at each temperature for each culture was 


| | 
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caleulated from the growth curves obtained in the sterile skimmilk. The shortest 
generation time was recorded along with the time period from which it came 
and reported in Table 1. These figures are to be considered relative, rather than 


TABLE 1 
Generation time of cultures incubated at different temperatures 


Ineubation temperature of samples 


Culture - 
No. Se. 10” 6: 25° C. 32° C. 
1 48-72" 48-72 12-24 12-24 12-24 
255” 255 83 90 100 
3 48-72 48-72 12-24 12-24 12-24 
333 228 83 86 92 
4 48-72 24-48 12-24 12-24 24-48 
231 217 96 108 188 
8 120-168 24-48 12-24 12-24 12-24 
569 369 94 103 69 
9 168-216 72-120 48-72 48-120 
285 280 433 433 no growth 
10 48-72 24-48 0-24 0-12 6-12 
222 221 108 82 54 
11 48-72 48-72 12-24 12-24 12-24 
375 285 94 108 108 
12 48-72 24-48 0-24 0-12 12-24 
217 175 108 83 104 
13 48-72 24-48 12-24 0-12 6-12 
231 199 80 86 207 


* First row of figures for each culture is the interval in which the minimum generation time 
was obtained. 
» Minimum generation time in minutes. 


absolute. The figures from this table indicated that 21 or 25° C. was the optimum 
temperature for increase in numbers of the majority of the pure cultures studied 
and that the logarithmic phase was in the first 24 hours at these temperatures. 
When the storage temperatures were 5 or 10° C. the logarithmic phase usually 
was not entered until either the 24-48 or the 48-72 hour interval. Except for 
eultures 8 and 10, growth at 32° C. was somewhat slower than at 21° C. and 
usually slower than at 25° C. 
DISCUSSION 


Common practice in the dairy industry is to cool and hold milk at or below 
10° C. in the belief that microorganisms do not grow readily at this temperature. 
The data presented here demonstrate that low temperatures only retard growth 
of some organisms. It the milk supply is contaminated with as little as a thousand 
of these organisms per milliliter they will tend to increase, even at 5° C., to about 
10 million after only 3-4 days, a length of time for holding that is not uncommon 
with our present handling and merchandising procedures. The relative ease 
with which we were able to isolate large numbers of psychrophilie organisms 
from all of the 10 samples examined indicated that this type of organism was 
fairly common in commercial milk supplies, at least in this area. 
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The lag phases observed are of interest as they are somewhat different than 
the usual lag phase associated with low temperature organisms. Figure 2 indi- 
cates that there is a lag phase of 24 hours when the cultures are held at 5 and 
10° C., but little or no lag phase was demonstrable at the higher temperatures. 
This would seem to indicate that the lag phase associated with low temperature 
organisms is not a characteristic of the organism but is a physiological condition 
which can be minimized with an inerease in temperature; this can continue to 
some point between 10 and 21° C. with the cultures used in this study. These 
short lag phases at 5 and 10° C. and nearly nonexistent lag phases at 21, 25, 
and 32° C. are in contrast to some of the published work on psychrophilie bae- 
teria. Chaffee (5) found that counts on pasteurized milk did not increase for 
120 hours and in some eases decreased. Of course this could be due to the fact 
that there was a very low level of recontamination with psychrophilic organisms 
or that the temperature of plating, which was not given in the article, may have 
been unfavorable for the enumeration of psychrophilic bacteria. Burgwald and 
Josephson (4) reported that psychrophilie bacteria did not begin to grow rapidly 
until after 4-5 days of storage. Dahlberg (6) also found a decrease in standard 
plate count of milk stored at temperatures up to 10° C. and the count did not 
begin to increase until after 3 days storage. Ayres et al. (2), working with cut-up 
poultry, found Pseudomonas organisms very prevalent and capable of fairly 
rapid growth at 4.4 and 10°C. These organisms had a lag phase of less than 
2 days at both temperatures. 


In Figure 1 the inoculated samples growing under identical conditions with 
the uninoculated controls maintain their initial advantage and in the ease of the 
three higher temperatures grow on nearly parallel courses. However, at 5 and 
10° C. the inoculated samples showed a greater rate and a higher level of growth 
than the uninoculated controls. This type of information clearly shows that low 
temperature organisms are important because of their ability not only to grow 
at low temperatures but also to grow rapidly at higher temperatures. 


Identification of the typical cultures isolated from plates incubated at 3° C. 
as predominately members of the genus Pseudomonas agrees with the results 
obtained by Greene (10) and Ayres et al. (2). The finding of one culture of 
Flavobacterium also is of interest. The members of these two genera are able 
to grow at refrigeration temperatures and also are capable of considerable bio- 
chemical activity at the low temperatures, some producing pronouneed changes 
in milk. Organisms of these types are common in soil and water and thus may 
easily gain entrance into dairy products. As these organisms apparently do not 
survive pasteurization, they probably are post-pasteurization contaminants, being 
particularly bad where sanitary precautions are not at a high level. 

With the exception of the culture of Flavobacterium aquatile, these organisms 
probably all should be classified as ‘‘faeultative psychrophilie’’ bacteria. The 
Pseudomonas species all grew more rapidly, in either pasteurized or sterile milk, 
at temperatures of 21 to 32° C. than at 5 or 10°C. On the basis of final total 
population, all five growth temperatures gave essentially the same results. The 
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Flavobacterium culture probably should be classified as truly psychrophilic, for 
both rate of growth and final population level were greater at 5 and 10° C. than 
at 21° C. and above. 

The lengthening of the lag phase associated with the decrease in incubation 
temperature for the Pseudomonas species is of probable practical importance. 
Since these bacteria grow well at refrigeration temperatures once they are 
started, holding at the lowest practical temperature to retard initiation of growth 
for as long as possible assumes practical importance. Rapid cooling of milk to 
below 5° C. and holding at or below that temperature will retard growth of low 
temperature bacteria. When milk is cooled only to 10° C., initiation of growth 
may be expected in an appreciably shorter period of time, and at 21° C., and 
above, the lag phase is almost completely eliminated. After growth has been 
initiated, a return to lower temperatures would only slow down the growth rate 
of the bacteria which already had left the lag phase. Studies now in progress 
indieate that the amount of inoeulum does not influence the lag phase appre- 
ciably. Therefore, a low level of inoculum means that more generations will be 
required to reach a given population. At 5° C. the generation times commonly 
are 4 hours or more, and any significant increase in numbers of generations re- 
quired to reach an undesirable population level increases the life of the product 
considerably. 


CONCLUSIONS 


Seven of the cultures isolated from commercial milk and used in this study 
were members of the genus Pseudomonas and one belonged to the genus Flavo- 
bacterium. All but one of these eight strains were essentially identical with 
species previously described. 

The temperature for optimum growth appears to be about 21-32° C. for most 
of the organisms isolated. Thus, with the exception of culture 9, the organisms 
are facultative rather than obligate psychrophiles. Culture 9 probably is an 
obligate psychrophile, as its optimum growth temperature appears to be around 
10° C. and it does not grow at all at 32° C. 

The so-called low-temperature organisms can grow rapidly at the higher 
temperatures and can make significant contributions to the total plate counts 
if plate counts are made at 32° C. or below. 
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THE EFFECT OF RELAXIN UPON MILK EJECTION 
I. THE LET-DOWN EFFECT UPON SHEEP 


D. D. SHAFFHAUSEN, R. M. JORDAN, anp A. E, DRACY 


Departments of Animal Husbandry and Dairy Husbandry 
South Dakota Agricultural Experiment Station 
Brookings 


The effects of relaxin upon the symphysis pubis have been demonstrated (1, 
2, 4, 5, 8) and may be similar to the relaxation of the symphysis pubis occurring 
naturally at parturition. Frieden and Hisaw (35) also noted important actions 
of relaxin upon connective tissue. In addition, Graham and Dracy (6) have 
shown that relaxin aided in dilating the cow’s cervix by causing a relaxation of 
the cervical muscle. 

Assuming that relaxin is present at parturition to cause relaxation of the 
symphysis pubis, and since Hamolsky (7) and Smith (10) have shown that 
relaxin plus estrogen and progesterone increase mammary development more 
than estrogen and progesterone alone, relaxin may also have a contracting effect 
on the myoepithelial cells surrounding the alveoli of the mammary gland. Re- 
laxin is known to relax certain smooth muscles; the opposite effect may occur 
in the mammary gland whereby the milk is forced down, since the teats usually 
fill prior to parturition. This investigation is concerned with the effect of relaxin 
upon milk ejection of lactating ewes. 


EXPERIMENTAL PROCEDURE 


Ten ewes, in various stages of lactation, were milked after the lambs had been 
removed for 12 hours. Only one half of the udder was milked in order that the 
lambs might consume the accumulation of the other half after milking. Since 
the blood supply is common to both halves of the udder, any let-down effect is 
evident upon either half of the udder. Therefore, only one half of the udder 
had to be milked to determine the let-down effect of relaxin upon milk ejection. 

The ewes were first milked without any induced hormonal effect upon the 
alveoli, thus allowing each ewe to serve as her own control. Immediately after 
this milking, 500 G.P.U.' of relaxin in a relaxin preparation were injected 
intrajugularly, and after 1 minute the ewes were again milked to determine the 
let-down effect of relaxin. In order to evacuate the gland completely, 10 I.U. 
of oxytocin were given intravenously. After each procedure, the milk obtained 
was measured to the closest 5 ml. 


RESULTS AND DISCUSSION 


The amount of milk obtained from each of the treatments for the individual 
ewes is presented in Table 1. The data show that although there was a wide 
range in production prior to any hormonal injection, on the average the ewes 
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TABLE 1 
The effect of 500 G.P.U. of relaxin upon milk ejection in sheep 
Sheep No. Pre-injection* 500 G.P.U. relaxin* 10 I.U. oxytoein* 
(ml.) (ml.) (ml.) 
841 80 120 35 
823 110 190 85 
4952 10 10 5 
832 75 145 20 
50-7 80 115 25 
4923 100 100 30 
51-54 35 125 20 
1 140 30 145 
44-92 40 40 5 
52-158 200 90 20 
Total 870 975 390 
Average 87.0 97.5 39.0 
Per cent of total 39.1 43.5 17.4 


* All milk obtained from one half of the udder after a 12-hour accumulation. 


yielded 87.0 ml., or 39.1% of the total production. The injection of 500 G.P.U. 
of relaxin then initiated further average response of 97.5 ml., or 48.5% of the 
total milk produced. Oxytocin (10 I.U.) was then injected to evacuate the 
gland and enable the determination of further let-down of milk, which amounted 
to 39 ml., or 17.4% of the total production. 

The following assumptions are drawn from the data: First, less than half 
of the milk was obtained from the ewes without the use of an agent to force the 
milk from the alveoli. This is natural and can be expected from animals not 
accustomed to being milked, because adrenalin is secreted, which inhibits the 
action of oxytocin and directly affects milk let-down. The necessity of using 
oxytocin to evacuate the gland completely is in agreement with data from 
samples analyzed by Shaffhausen (9). 

Second, the effect of this relaxin preparation upon the alveoli appears to be 
evident by the amount of milk ejected. Since the animals did not completely 
milk out without some let-down agent, the response to relaxin seems to be self- 
evident by the amount of milk obtained after the relaxin injection. In every 
case a response was obtained after the relaxin administration which was nearly 
equal to or greater than the amount obtained prior to injection. If relaxin did 
not have a contracting effect upon the alveoli, such a large portion of milk 
would not, in all probability, have been available. Table 1 shows that although 
all sheep responded to relaxin, only one (No. 1) gave more milk when oxytocin 
was injected than when relaxin was injected. 

Third, the amount of milk released by the addition of 10 I.U. of oxytocin 
was enough less than that obtained after the administration of relaxin to suggest 
that relaxin contracts the alveoli in a manner similar to oxytocin, but not as 

_ completely. To date, oxytocin is believed to evacuate the gland by contracting 
the alveoli (3). Thus, these data suggest that the relaxin preparation may have 
a contracting effect upon the alveoli as well as a relaxing effect upon the 

_ symphysis pubis. 
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SUMMARY 


Ten sheep were hand-milked after the lambs had been removed 12 hours to 
determine normal milk let-down, effect of 500 G.P.U. of relaxin on let-down, and 
the use of 10 I.U. of oxytocin to evacuate the gland. On the average, 39.1% of 
the total milk produced was obtained with no injection; an additional 43.5% 
of the total milk produced was obtained after 500 G.P.U. of relaxin was injected ; 
and 17.4% of the total milk produced was obtained by evacuating the gland with 
10 I.U. of oxytocin. 
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During the study of a variety of bacteria cultured from bovine rumen con- 
tents, a number of anaerobic, Gram-negative, nonmotile, actively cellulolytiec, 
rod-shaped bacteria were isolated (2, 3). The importance of these organisms in 
the ruminal fermentation was suggested by the large numbers in which they 
were found and because of their rapid degradation of cellulose. 

The strains were similar in that they all fermented glucose, cellobiose, and 
cellulose but not xylose or starch; none of them liquefied gelatin or produced 
hydrogen sulfide. There was considerable variation in morphology and, more 
recently, several strains have been found which produce a yellow pigment. 

Comparison with cellulolytic bacteria previously described shows these bac- 
teria most similar to Bacteriodes succinogenes Hungate (10). On the basis 
of the few characteristics studied, they differed from the latter in not fermenting 
starch. Also, since colonies did not develop when strains were inoculated into 
cellulose agar, comparison could not be made with the unique type of colony 
formed in cellulose agar by B. succinogenes. 

The purpose of the present study was to obtain detailed information on the 
characteristics of this group of organisms. 


EXPERIMENTAL PROCEDURE 


Eight strains of cellulolytic rod-shaped bacteria were selected for study to 
inelude strains showing the range of variation in morphology described previ- 
ously (2), strains with and without pigment, and strains from different animals 
maintained on different rations. Strains $23, S61, 885, S111, and 8121 were 
isolated from rumen contents of three heifers fed a ration of alfalfa silage (4) ; 
strain C2, from a cow fed wheat straw; and strains M13 and M34, from a heifer 
fed hay and grain with limited pasture. This animal was located at the Univer- 
sity of Maryland, and the others, at the Beltsville station. 

The bacteria were isolated from the 10° dilution of rumen contents and were 
earried in RGCA slant cultures by using methods previously described (2). 
Stock cultures were maintained in a dry ice box at —60 to -70° C. Cultures 
stored in this manner for as long as 13 months remained viable. 

To determine fermentation of various carbon sources, the basal medium was 
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modified from that formerly used (2) in that Trypticase and yeast extract were 
omitted and 20% of strained rumen fluid was added. Glucose, p-xylose, L-arabi- 
nose, maltose, cellobiose, sucrose, trehalose, lactose, galactose, fructose, glycerol, 
mannitol, and inositol were sterilized by filtration through a Seitz filter and 
added aseptically to the sterile basal medium. Dextrin, inulin, salicin, eseulin, 
gum arabic, xylan, and pectin were sterilized in the autoclave before addition 
to the sterile medium. Pectin was added to give a final concentration of 0.75% 
in the medium; and the other substrates, 0.5%. Fermentation was detected by 
observing for growth and lowering of pH. Brom thymol blue was added to the 
test media after 1 week of ineubation at 37° C. Soluble starch was added to 
the medium in 0.1% concentration before sterilization and its hydrolysis was 
detected by the addition of iodine solution to the medium after 1 week of ineuba- 
tion. Cellulose digestion was detected as previously described (2) except that 
20%, instead of 40%, of rumen fluid was used in the medium. Controls included 
uninoculated media with each carbon source and inoculated medium without 
carbon source. 

Tests for gelatin liquefaction were determined after 1 and 2 weeks of ineu- 
bation in the basal medium with 1.0% of Trypticase, 0.1% of glucose, and 5.0% 
of gelatin added. 

Casein digestion was determined in the basal medium with 0.2% of casein 
and 0.1% of glucose added. After 2 weeks of incubation, 1.0 ml. of 5 N sulfurie 
acid was added to tubes containing 6 ml. of medium and the amount of casein 
precipitated was compared with the amount in uninoculated control medium. 

Tests for indol production and nitrate reduction were made after 1, 3, and 
7 days of incubation in the basal medium with 2% of Trypticase, 0.1% of glu- 
cose, and 0.1% of potassium nitrate added. Tests for nitrite and residual nitrite 
were made. 

Cultures for determination of fermentation products were prepared in all- 
glass culture vessels with inlet and outlet tubes. The medium contained 20% 
rumen fluid, 0.05% eysteine hydrochloride, minerals (2), 0.4% cellulose (What- 
man No. 1 filter paper), and 0.2% sodium bicarbonate and was prepared under 
nitrogen gas. The medium, minus sodium bicarbonate and cysteine, was ad- 
justed to pH 6.2 and autoclaved, and, after cooling, sterile solutions of sodium 
bicarbonate and cysteine hydrochloride were added. The medium was inoculated 
with a 24-hour cellulose medium culture and the vessels were evacuated until 
the medium boiled so that gases were swept out. The vessels were then sealed 
with a flame. Control cultures were identical with experimental cultures except 
that the controls were stored in the refrigerator and the experimental cultures 
were incubated at 37° C. for 2 weeks. 

The amount of cellulose fermented was estimated by the dry-weight differ- 
ence between the centrifuged residue of the experimental and control media. 
Gaseous products were estimated as formerly described (1). Benedict’s quali- 
tative reagent was used to test for reducing sugars. The methods of Friedemann 
(7) were used to estimate alcohols, total volatile acids, and formie acid. Non- 
volatile acid was extracted from the medium with diethyl ether. Lactie acid 
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was determined by the method of Friedemann and Graeser (8) and succinic 
acid by precipitation of the barium salt from solution by adding five volumes of 
95% ethanol and weighing the dry product. 

A second determination of acid end products was carried out on strain S85 
grown in the medium containing the carbon dioxide gaseous phase and 0.4% 
sodium carbonate in which larger amounts of cellulose were fermented. The 
acids were determined chromatographically by the method of Bulen et al. (5) 
modified to contain alphamine red R indicator in the column (13). The acids 
were eluted from the column by successive additions of 6 ml. chloroform, 35 ml. 
of 1.0% n-butanol in chloroform (CB,), 20 ml. of CB,,, and 80 ml. of CB,,. 

Inocula used in studying growth requirements consisted of one standard 
loopful of a 24-hour glucose medium culture when glucose was the carbon source 
and 0.1 ml. of a 24-hour cellulose medium culture when cellulose was the sub- 
strate. The amount of growth was estimated by the amount of acid produced. 
Ten ml. of culture was acidified with 10 ml. of 0.2 N sulfurie acid, brought 
briefly to a boil to drive off carbon dioxide, and titrated to the phenolphthalein 
end point with 0.1 NV sodium hydroxide. The acidities produced were calculated 
as the difference between the average of duplicate tubes of the inoculated and 
uninoculated media. Although quantitative comparisons were not made, the 
amount of acid produced was roughly proportional to the amount of visible 
growth. 

Extracts from alfalfa leaf meal and fresh bovine feces used in the study of 
growth requirements were prepared by steaming 10% suspensions in distilled 
water in an Arnold sterilizer for 30 minutes and filtering through Whatman 
No. 12 filter paper. 


RESULTS 


Morphologically, the strains were difficult to describe because of changes 
that occurred on aging and the variation in shape of cells in young cultures. 
Cultures observed from the water of syneresis of 18- to 24-hour RGCA slant 
cultures were Gram-negative, aniodophile, nonmotile rods with more or less 
pointed ends. They usually occurred singly or in pairs, but one strain (M13) 
showed some chains of three to five short rods. Strains S61 and $8111 were 
smaller, slender rods 0.5-0.64 long and a few ‘‘rosette’’ arrangements of cells 
were found occasionally in these cultures. Strain S85 was a short thick rod 
(1-1.24 X 1-24) with many coccoid cells and a few longer rods. Strains M13, 
M34, $23, S121, and C2 were slightly smaller in width but tended to be longer 
than strain S85. As the cultures aged, cells became quite variable with many 
swollen forms and round bodies that stained very lightly. 

Growth in glucose medium was always evenly turbid in 24 hours. Deep 
colonies in RGCA agar were lenticular and surface colonies were entire, slightly 

_convex, and translucent to opaque, and often showed a ‘frosted glass’’ appear- 
ance when observed by transmitted light. They were usually about 3 mm. in 
diameter after 3 days of incubation. Three of the strains, S23, S61, and M34, 
produced a light yellow pigment in both liquid and solid media. 
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No visible growth or change in pH oeceurred in the basal medium without 
fermentable carbon source. Only glucose, cellobiose, cellulose, and pectin were 
fermented by all eight strains. Strain S111 fermented maltose, and strains S85, 
$121, and M13 produced a delayed and weak fermentation of lactose. With 
the methods used, gelatin was not liquefied but casein was attacked by all strains. 
None of the strains reduced nitrate or produced indol or acetylmethylearbinol. 


TABLE 1 
Products of the cellulose fermentation by two strains of actively cellulolytic rods* 
Experiment 1 Experiment 2 
Cellulose utilized Strain 8111 Strain S85 Strain S85 
(as Cs HwOs) 1.72 1.78 2.73 
Fermentation products 
Carbon dioxide —0.69 —0.83 
Combustible gas 0 0 — 
Alcohols 0 0 
Formie acid 0.28 0.21 0.28 
Acetie acid 0.86" 0.61” 1.00 
Propionie acid 0.01 
Butyrie acid -0.03 
Laetie acid 0 0 0 
Sueeinie acid 0.89 1.26 2.46 
Reducing sugar 0 0 0 


* Expressed as millimols per 150 ml. of medium. 
» Total volatile acid minus formie acid. 


The products of the cellulose fermentation produced by the two strains 
showing the widest difference in morphology are shown in Table 1. It is evident 
that the strains produced similar fermentations with the production of large 
amounts of suecinie acid and volatile acid and showed an uptake of carbon 
dioxide. In Experiment 2, the volatile acid produced by strain 85 was shown to 
be composed predominantly of acetic and formie acid. The small gain in propi- 
onie acid and loss of butyrie acid probably were due to error in analysis. The 
succinie acid isolated from the cultures sublimed and melted at the same tempera- 
tures as known succinie acid. 

Some growth requirements were studied with one of the faster growing 
strains (S85). The organism grew well in glucose medium at 30-38° C. but did 
not grow at 22 or 45° C. It grew in glucose medium with an initial pIT of 6.05 
to 7.7 but not at pH 5.5. In cellulose media the lower pH limit was about the 
same. However, growth occurred at pH 7.0 but not at pH 7.5. The final pH 
after growth in poorly buffered glucose broth was 5.5. 

Bicarbonate was a necessary ingredient of media for growth of the organism. 
When the amount of sodium bicarbonate in glucose medium, used under nitrogen 
gas instead of carbon dioxide, was varied from 0 to 0.2%, acid produced varied 
from 0 to 0.36 meq. per 10 ml. of medium. 

None of the strains would grow in glucose medium in which 0.5% of yeast 
extract and 1.5% of Trypticase replaced rumen fluid. The lowest concentration 
of rumen fluid in the glucose or cellulose medium that allowed maximum growth 
was about 20%, and 5% allowed about half maximal growth. 
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TABLE 2 


The effect of addition of various substances to 5% rumen fluid—glucose medium on the growth 
of a cellulolytic rod (strain S85) as measured by acid production" 


Acid produced per 


Ingredient Concentration 10 ml. of medium 
(%) (meq.) 
Control 0.42 
Rumen fluid 5 0.71 
Rumen fluid 15 ‘ 0.86 
Rumen fluid 35 0.87 
Ash from rumen fluid 0.4 0.31 
Complex mineral solution” 0.38 
Bovine saliva 5 0.56 
Bovine saliva 20 0.74 
Bovine feces extract 10 0.35 
Bovine feees extract 50 0.39 
Alfalfa meal extract 10 0.29 
Alfalfa meal extract 50 0.29 
Bovine serum 10 0.00 
Yeast extract 0.2 0.22 
Yeast-extract 0.5 0.16 
Beef extract 01 0.40 
Beef extract 0.5 0.00 
Trypticase 0.5 0.50 
Phytone 0.5 0.22 
Peptone 0.1 0.26 
Peptone 0.5 0.26 
Gelatin 0.5 0.42 
Casein 0.1 0.50 
Casein 0.5 0.94 


* Acid production determined after 48 hours of incubation. 
0.05%; (NH,):SO., 0.1%; MgSO. 0.02%; CaCh, 0.002%; FeSO,° 7H:0, 
0.004%; and MnSO,, NaMoO,: 2H-0, ZnSO, and CuSO,°5H.0, 0.0002%. 


The growth of the organism in 5% rumen fluid—glucose medium with various 
substances added is shown in Table 2. Only casein, bovine saliva, and Trypticase 
stimulated growth. However, another sample of saliva failed to allow a stimula- 
tion of growth, and neither saliva, casein nor Trypticase allowed growth in the 
absence of rumen fluid. When ‘‘vitamin-free’’ casein was added, no stimulation 
of growth occurred. 

Many of the substances caused more or less inhibition of growth, and it was 
possible that they contained the factors necessary for growth but the inhibition 
did not allow their detection. MeNeill ef al. (12) observed a similar inhibition 
of growth of rumen bacteria. Because of this possibility a medium containing 
known growth factors was tested. It contained the usual minerals, cellulose, 
resazurin, and sodium carbonate plus the following materials: ferrous sulfate, 
euprie sulfate, zine sulfate, cobalt chloride, sodium acetate, guanine, uracil, 
thymine, xanthine, adenine, p-aminobenzoic acid, folie acid, biotin, pantothenate, 
pyridoxal, pyridoxamine, riboflavin, thiamin, nicotinamide, vitamin B,., inositol, 
choline, and Trypticase. Other media tested contained the above ingredients plus 
glutamine glutathione, adenylice acid (yeast), coenzyme I, Tween 80, and oleic 
acid. These media did not allow growth of the organism, and no appreciable 
stimulation or inhibition of growth occurred when 5% of rumen fluid was added 
as compared with a 5% rumen fluid medium control. 


. 
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The factor(s) present in rumen fluid necessary for growth of the organisms 
is quite stable, as no appreciable diminution of growth occurred when media 
contained rumen fiuid that was autoclaved at a pH of 3 or 9 for 1 hour at 15 Ib. 
pressure or rumen fluid dried on a steam bath and reconstituted with distilled 
water. 


DISCUSSION 


These studies indicate that, although variation in morphology and pigment. 
production occurs within this group of organisms, they are very similar in 
physiological and cultural characteristics and should be considered as one species. 

Their production of large amounts of sueccinie and acetic acid and uptake 
of carbon dioxide in the cellulose fermentation, their morphology, temperature 
range, and inability to grow in media devoid of rumen fluid indicate their close 
relationship to Bacteriodes succinogenes Hungate (10). 

They differ from the culture studied by Hungate in that this organism fer- 
mented glucose, cellobiose, maltose, cellulose, trehalose, dextrin, and starch, 
whereas none of the present strains fermented the last three carbohydrates. 
The present strains produced a measurable amount of formic acid and Hungate’s 
organism may have produced a trace. These apparent differences are minor when 
compared with similarities and it is concluded that the present strains should 
be identified as B. succinogenes. 

The importance of this bacterium in the rumen fermentation is evident from 
a consideration of the numbers in which they have been isolated, their rapid 
fermentation of cellulose and pectin, and their production of fermentation prod- 
uets found in the rumen or further metabolized therein. Previous studies (3, 4) 
have shown them to be among the predominant bacteria cultured from the rumen 
of cows fed alfalfa hay, alfalfa hay and grain, alfalfa silage, and wheat straw; 
more recently, they were found among the predominant bacteria in cows fed 
fresh alfalfa or blue grass pasture plus grain. They have been isolated from cows 
in Texas and Washington State (9, 10) and in the present studies in Maryland 

Suecinie acid has been shown repeatedly to be catabolized by rumen organ- 
isms to form propionic acid and carbon dioxide (6, 11, 15), both of which are 
normal end products of the rumen fermentation, and formie acid was shown 
to be rapidly dissimilated by rumen bacteria (6). 

Several studies have suggested that unknown growth factors are required 
by ruminal bacteria. In a study of the nutritional requirements of these bacteria 
as assayed by total colony counts obtained from rumen fluid, MeNeill et al. (12) 
found that rumen fluid contained essential factors not found to any degree in 
rich nitrogenous materials ordinarily used for the growth of nutritionally fas- 
tidious bacteria. Using the artificial rumen technique, Ruff et al. (14) presented 
evidence suggesting that an unidentified factor is present in certain feed stuffs 
that is stimulatory to cellulose digestion. The present study substantiates the 
observation of Hungate (10) that B. succinogenes will not grow when various 
substances are substituted for rumen fluid in the growth medium and suggests 
that an unknown growth factor is involved. This factor is acid, alkali, and heat 
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stable. Studies suggested that it is not a common B vitamin, amino acid, peptide, 
purine, pyrimidine, or mineral, although some of these materials also may be 
required in addition to the unknown factor. 

Work is being continued to determine the nature of this unknown factor 
and other growth requirements of these important cellulolytic bacteria of the 
rumen. This knowledge should help to bring about a better understanding of 
the factors affecting cellulose digestion in the rumen. 


SUMMARY 


Eight strains of anaerobic, Gram-negative, nonmotile, actively cellulolytic, 
rod-shaped bacteria found in large numbers in rumen contents were selected 
for study on the basis of variation in morphology, pigment production, and 
isolation from different animals fed different rations. 

Of many carbon sources tested, only glucose, cellobiose, cellulose, and pectin 
were fermented by all strains. Large amounts of succinic and acetic acid and 
smaller amounts of formic acid were produced, and carbon dioxide was taken 
up, in the fermentation of cellulose. It was concluded that all strains belonged 
to one species, Bacteriodes succinogenes Hungate. 

Studies on the growth requirements showed that bicarbonate is required and 
suggested that rumen fluid contains an unknown heat, acid, and alkali-stable 
factor that is not a common B vitamin, amino acid, peptide, purine, pyrimidine, 
or mineral and was not detected in several materials commonly used to grow 
nutritionally fastidious bacteria or in extracts from alfalfa meal or bovine feces. 
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ASSAY OF VARIOUS MOLD-RIPENED CHEESES 
FOR ANTIBIOTIC ACTIVITY! 


H. H. WILKOWSKE anp W. A. KRIENKE 
Department of Dairy Seience 
Florida Agricultural Experiment Station 
Gainesville 


In recent years there has developed an interest in the possible effects on 
humans of intakes of very small amounts of antibioties in foods over a period 
of time. This interest caused the American Dairy Science Association through 
its Manufacturing and Production sections to create a joint Committee on 
Antibioties in Milk, charged with the responsibility of obtaining factual infor- 
mation on every aspect of the problem dealing with antibiotics in milk. The 
Committee’s reports of 1951 (5) and 1953 (6) contained sections dealing with the 
human sensitization aspect. In the latter report it was pointed out that the Food 
and Drug Administration (7) had issued a statement of policy in which it was 
pointed out that ‘‘the presence of antibiotic drugs in foods intended for human 
consumption, or the direct or indirect addition of such drugs to such food, may 
be deemed adulteration.”” The reasons expressed were that consumption of 
foods containing antibiotic drugs may cause sensitization of the consumer to 
such antibiotics and also may result in the emergence of strains of pathogenic 
microorganisms resistant to these drugs. 

As some cheeses are of the mold-ripened type and there are numerous species 
of Penicillia and Aspergilli capable of producing penicillin or penicillin-like 
substances (12), some unfounded suggestions of possible relationships may cause 
consumer discrimination against these excellent foods unless data are available 
to eliminate doubt and suspicion. 

The research on antibiotics in milk has been reported in recent review articles 
by Calbert (3), by Claybaugh and Nelson (4), and by Trout (13). 

Attempts to inerease the yield of penicillin by various culturing practices 
were reported by Baron (2) to have been successful to the extent of the produc- 
tion of 1,000 units per milliliter by the submerged mold growth process as com- 
pared to 200 units per milliliter when using the surface mold growth method. 
Other attempts included new strain developments by ultraviolet irradiation of 
spores. As a result of this application, Backus et al. (1) reported the emergence 
of a new strain from Penicillium chrysogenum, which passed its parent in peni- 
cillin production. 

By applying ultraviolet irradiation to the spores of green colored Penicilliwm 
roqueforti, Knight et al. (9) obtained white colored mutants of the mold which 
Morris et al. (11) have used successfully in the manufacture of a new type 
mold-ripened cheese, which has been named ‘‘Nuworld’’ cheese. 
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It was the purpose of this investigation to assay various mold-ripened 
cheeses with respect to substances active against the lactic acid streptococci of 
dairy starters, which are suitable as test organisms, as suggested by the work 
of Katznelson and Hood (8). 


EXPERIMENTAL PROCEDURE 


The 14 samples of cheeses used in this study were commercially produced 
and were being offered for sale to consumers. They included five different 
brands of Blue cheese, four manufactured in the United States and one imported 
from Denmark; three brands of Roquefort imported from France; three brands 
of United States manufactured Camembert; and two brands (two different 
samples of one brand and one of the other) of Nuworld cheese. Each sample was 
satisfactory with respect to mold development and flavor. Trials were made 
using several samples of each brand of cheese. 

With the aid of a Waring blendor, a 20-g. sample of cheese was mixed with 
40 ml. distilled water. Measurement of the pH of this mixture was made by the 
glass electrode method. As the Blue and Roquefort cheeses were of low pH, 
sufficient N/10 sodium hydroxide was added to adjust the pH to within the 
range 6.5 to 7.5. No sodium hydroxide was added to the Camembert samples. 
In each case the amount of alkali added was such that the subsequent initial 
titratable acidity of the sample after dilution with homogenized milk was within 
the range of 0.15 to 0.18% expressed as lactic acid, which in some instances re- 
quired as much as 40 ml. of N/10 sodium hydroxide. 

Some trials included mold-ripened cheese preparations to which penicillin? 
had been added. The penicillin was dissolved in sterile distilled water immedi- 
ately prior to use. Appropriate dilutions were made so that a final penicillin 
concentration of one unit per 10 g. of cheese was obtained. 

The neutralized cheese and water mixtures (with and without added peni- 
cillin) were heated in flowing steam for 5 minutes and filtered through a cotton 
milk strainer to remove coarse particles of mycelia and curd. The filtrate was 
cooled and made up to 200 ml. with homogenized milk. Other desired dilutions 
were made by using this 10% cheese preparation. These received further heat 
treatment for 75 minutes in flowing steam. After cooling to the incubation 
temperature of 30° C., the samples were inoculated with 3% active dairy culture 
and dispensed into test tubes in 9-ml. quantities. At appropriate intervals sets 
of tubes were removed and the contents of the tubes, together with 9 ml. distilled 
water rinses, were titrated with N/10 sodium hydroxide to exactly pH 8.3 
endpoint, determined electrometrically. 


RESULTS AND DISCUSSION 


Typical of the results obtained on all the samples of cheese are those shown 
in Figure 1. As lactic acid developed, there were no appreciable differences in 
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TITRATABLE ACIDITY 


2 3 4 § 6 
HOURS INCUBATION (30°C.) 


Fig. 1. Rate of lactic acid production by dairy cultures containing various concentrations 
of Roquefort cheese. 


amount produced due to variations in concentration of the cheese in the prepara- 
tions. It is recognized that 10% cheese would normally not be added to starter, 
but this procedure was used for the purpose of assaying for antibiotic activity. 
In other trials extending for a longer period of time than the one shown, the 
titratable acidity values tended to reach a maximum at about 0.85% in a manner 
characteristic of an active cheese or buttermilk starter. 

When penicillin was added to the cheese preparations in several different 
concentrations as shown in Figure 2, lactic acid development was practically nil 
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_8 


TITRATABLE ACIDITY 


5 
HOURS INCUBATION ( 30°C.) 


Fig. 2. Rate of lactic acid production by dairy cultures containing various concentrations 


of Roquefort cheese to which penicillin was added. 
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TABLE 1 


Lactic acid production by dairy cultures in preparations containing 
mold ripened cheese with and without added penicillin 


Concentration of cheese in preparation 
2 2 10 


Units* penicillin added 


0.2 
Mold-ripened cheeses 
Sample Titratable acidities after 6 hours” 
number Variety pH ineubation at 30° C. 

(%) (%) (%) 

1 Blue 6.55 0.18 0.74 0.77 

2 Blue 5.41 0.17 0.72 0.79 
3 Blue 5.51 0.20 0.63 0.66 

4 Blue 5.56 0.16 0.67 0.69 

5 Blue 5.87 0.17 0.61 0.67 

6 Roquefort 6.05 0.19 0.62 0.63 

7 Roquefort 6.85 0.2% 0.60 0.73 

8 Roquefort 6.95 0.22 0.63 0.67 

9 Camembert 7.87 0.18 0.65 0.77 
10 Camembert 7.80 0.20 0.64 0.68 
11 Camembert 7.85 0.19 0.65 0.68 
12 Nuworld 6.75 0.17 0.71 0.74 
13 Nuworld 5.60 0.19 0.68 0.71 
14 Nuworld 5.90 0.20 0.62 0.69 


* Units per gram final preparation. 
> Initial titratable acidity of all samples 0.15 to 0.18% as lactie acid. 


at levels of 1.0 and 0.2 units per gram of preparation. At a level of 0.1 unit per 
gram there was a retarding effect, but at a level of 0.01 unit per gram there was 
no effect. These results are in agreement with those reported earlier by Krienke 
(10) that the critical concentration of penicillin against lactic streptocoeeci is 
about 0.1 unit per gram. 

Shown in Table 1 are results pertaining to two concentrations of the 14 
samples of mold-ripened cheeses tested. As significant differences were apparent 
at the end of 6 hours of incubation at 30° C., the titratable acidities were com- 
pared after such a period of time using the values obtained when 0.2 unit of 
penicillin was present. As the penicillin was added to the cheese preparations 
at the pH level shown in Table 1, it was evident that such acidities did not 
inactivate penicillin under these experimental conditions, although Baron (2) 
reported that penicillin is unstable in aqueous solution and is decomposed 
rapidly by acids, alkalies, and penicillinase. 

It may be noted that in the presence of 0.2 unit of penicillin the initial 
titratable acidities in some instances tended to increase slightly during the 
6-hour incubation period. In the penicillin-free samples the acid development 
was above 0.6% after 6 hours of incubation. This is to be expected with active 
starters. The data for sample No. 6 (Table 1) are a portion of those used in 
preparing Figures 1 and 2. 

If there had been as much as 2.0 units of penicillin per gram in any sample 
of mold-ripened cheese, the final concentration of penicillin, when 10% cheese 
was used in the preparations, would have been 0.2 unit per gram, which would 
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have resulted in complete inhibition of lactic acid development, and if the 
original cheese had contained 1.0 unit of penicillin per gram, a reduction in the 
rate of acid development would have been observed by this method of penicillin 
assay. Thus, it may be concluded that none of the cheeses tested for penicillin 
contained as much as 2.0 units of penicillin per gram of cheese, which was the 
limit of sensitivity of the method used. For all practical purposes it may be 
assumed that there was no penicillin present in the samples of mold-ripened 
cheeses assayed. On the same basis, it can be assumed that no other antibiotic 
known for its inhibitory effect on dairy starters was present. 


SUMMARY 


A study was made to determine whether antibiotics are present in mold- 
ripened cheeses. The assay method used relied upon the titratable acidities, 
ealeulated as lactic acid, produced by regular commercial dairy cultures. The 
suitability and accuracy of the method was tested by additions of known quanti- 
ties of penicillin to preparations containing mold-ripened cheese. The method 
was sensitive to a concentration of 2.0 units of penicillin per gram of cheese. 

Fourteen different commercial brands of mold-ripened cheeses were assayed. 
The samples of cheese included five Blue, three Roquefort, three Camembert, 
and three Nuworld. One brand of Blue and three brands of Roquefort were 
imported (Denmark and France, respectively), and the remainder were manu- 
factured in the United States. 

None of the samples of cheese tested contained as much as 2.0 units of peni- 
cillin per gram of cheese. No other culture inhibitory substances were present 
in the cheese in such concentration that they could be detected when as much 
as 10% cheese was included in the culture preparations assayed. For all practi- 
eal purposes it may be concluded that there is no penicillin present in commer- 
cial Blue, Roquefort, Camembert, or Nuworld cheese. 
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B-VITAMIN LEVELS IN THE BLOOD OF YOUNG DAIRY CALVES 
FED A MILK REPLACEMENT DIET WITH AND 
WITHOUT AUREOMYCIN *? 


Q. T. SMITH anp R. S. ALLEN 


Department of Chemistry, Iowa State College, Ames 


The mechanism by which antibiotics exert a growth-stimulating effect in 
chicks, pigs, and calves has not been definitely established. Jukes and Williams 
(9) have reviewed the various hypotheses proposed to account for the mode of 
action of antibiotics, and the basis for most of the proposals is the assumption 
that the antibiotics exert an influence on the intestinal microflora. 

Since it has been established (10) that certain B-complex vitamins are syn- 
thesized in the intestinal tract of young calves on a limited whole milk regime, 
it seems that an antibiotic possibly may alter the intestinal microflora in a 
manner such that greater or less than normal quantities of B-vitamins may be 
present in the intestinal tract. The availability to the calf of intestinally synthe- 
sized vitamins has not been adequately determined, but it is generally assumed 
that part of these vitamins may be absorbed. Whether blood levels of the B-vita- 
mins in ealves are correlated with absorption and/or state of metabolism of 
these vitamins has not been ascertained. 

The objectives of the present study were to determine the blood levels of 
thiamine, riboflavin, niacin, pantothenic acid, and vitamin B,, activity in Hol- 
stein calves at 4 days of age and to ascertain the influence of orally fed aureo- 
mycin on the blood levels of these B-vitamins in Holstein calves on a whole milk 
replacement feeding regime for a period of 12 weeks. 


EXPERIMENTAL PROCEDURE 


Two groups of Holstein calves were selected for this study. Calves of one 
group (ten males and ten females) from the Iowa State College dairy herd were 
allowed to remain with their respective dams for 3 days following birth. To 
characterize the early postnatal blood B-vitamin levels, samples of venous blood 
(potassium oxalate anticoagulant) were drawn on the fourth day and analyzed 
as described below for thiamine, riboflavin, pantothenie acid, niacin, and 
vitamin B,.. 

A second group of eight Holstein calves (four males and four females) at 4 
days of age were placed on a milk replacement feeding program. The milk 
replacement, containing primarily dried whey product reconstituted with water 
(14% dried whey product, 86% water), was fed for the first 7 weeks at the 


following daily rates per 100 lb. body weight: 3.0, 5.4, 10, 8, 8, 6, and 4 Ib., 
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respectively. Whole milk averaging 3% fat was fed at the daily rates of 5.0 lb. 
and 3.6 Ib. per 100 Ib. body weight during the first and second weeks on experi- 
ment. No milk or milk replacement was fed subsequent to 7 weeks. A calf 
starter containing 40% ground corn, 20% erushed oats, 28% soybean oil meal, 
10% wheat bran, 1% steamed bone meal, and 1% iodized salt was fed ad libitum 
until a maximum of 4 lb. was consumed daily per calf. Medium quality mixed 
hay, largely alfalfa and brome grass, was fed free choice. Four calves, two 
males and two females, served as controls while the other four animals in this 
group were fed the same ration plus aureomycin.* The antibiotic was fed to 
each animal at the daily rate of 40 mg. of aureomycin via the liquid portion of 
the diet during the first 7 weeks and at the daily rate of 80 mg. in the concentrate 
mixture from 8 to 12 weeks on experiment. With a few exceptions, venous 
blood samples were drawn at the start of the experiment and at 1, 2, 4, and 8 
weeks thereafter. In addition, several samples were taken at 12 weeks. 

After enzymatic hydrolysis of the blood with a combination of clarase and 
papain, riboflavin, pantothenic acid, and niacin were determined microbiologi- 
cally with Lactobacillus casei by a modification of the method of Clegg, Kodicek, 
and Mistry (5). The thiochrome method (2) was employed for measuring blood 
thiamine values. Extraction of vitamin B,, activity from the blood involved 
heating the sample to which cyanide had been added, mixing with water in a 
Waring blendor, and filtering. The vitamin B,, activity was estimated with 
Lactobacillus leichmannii by a procedure based upon the method of the United 
States Pharmacopoeia (23). 


TABLE 1 
Mean blood B-vitamin levels in 4-day-old Holstein calves (10 male, 10 female) 
“a Vitamin Male Female 

Thiamine (y/ml) 0.074 + 0.011" 0.069 + 0.010” 
Riboflavin (y/ml) 0.21 + 0.03 0.23 + 0.03 
Pantothenic acid (y/ml) 1.91 + 0.33 2.04 + 0.44 
Niacin (y/ml) 9.96 +3.4 12.1 +29 
Vitamin activity 0.90 + 0.20 0.94 + 0.16” 


(my/ml) 


* Mean value + standard error. 
> Values for 8 calves only. 


RESULTS 


The blood B-vitamin levels in 4-day-old Holstein calves are summarized in 
Table 1. No statistically significant differences between male and female animals 
were found in the vitamins studied. The variations in values for each vitamin, 
however, were great. 

The average blood B-vitamin values for calves fed the basal diet with and 
without aureomycin are presented in Figures 1 and 2. Only the calves for 
which all the vitamin values within an age period were determined are included 


*As Aurofae D supplied by Lederle Laboratories Division, American Cyanamid Co., Pearl 


River, N. Y. 
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Fic. 1. Changes in the blood pantothenic acid, riboflavin, and thiamine values in control 
and aureomycin-supplemented dairy calves. 


in these graphs. The values at 12 weeks represent only two calves, whereas the 
other values are averages for three. Missing plot estimations were employed to 
supply single values for the aureomycin-supplemented group at 2 weeks (thia- 
mine), 4 weeks (vitamin B,,), and 12 weeks (vitamin B,.). There were no 
statistically significant differences between the aureomycin-supplemented group 
and the control group at any age. Also, there were no apparent differences 
between male and female animals. 

Since the differences between experimental groups were not significant, all 
of the available blood B-vitamin data for the eight calves at various ages were 
combined and summarized in Table 2. The average vitamin levels appear in 
certain cases to change with age. Since the values at various ages include a 
variable number of determinations, differences between various ages were tested 
by comparing values for calves from which samples were obtained at both age- 
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Fig. 2. Changes in the blood niacin values and vitamin Bi activity in control and aureo- 
mycin-supplemented dairy calves. 


periods in question. By this procedure it was found that during the first week 
on experiment the decreases in pantothenic acid and thiamine levels were sig- 
nificant at the P = 0.05 level, and the niacin and vitamin B,, activity changes 
approached significance (P = 0.1). The decline in riboflavin values during the 
same period was not significant, but from 4 to 8 weeks the drop in blood ribo- 
flavin values was significant at the P = 0.05 level. Although other trends in the 
blood B-vitamins at several intervals were observed, none was significant at the 
P = 0.05 level. 

The aureomycin-supplemented animals grew at an accelerated rate. This 
observation is in accordance with previous reports (11, 14). 


DISCUSSION 


The variability of the blood B-vitamin values, except for vitamin B,,, was 
considerably greater in calves at 4 days of age than that observed at later age 
periods. These data suggest possible differences in the state of nutrition of the 
calves due, at least in part, to the levels of the B-vitamins in the colostrum of 
the dam. Another factor which may be involved is the total quantity of nutrients 
consumed during the colostral period. Calves on experiment subsequent to 
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4 days of age received approximately equal quantities of feed, and the variability 
in blood B-vitamin values decreased. 

The data presented in this report indicate that the feeding of aureomycin 
had no marked effect on the blood levels of thiamine, riboflavin, pantothenic 
acid, niacin, and vitamin B,.. These results fail to explain an earlier observation 
by Murley (13) wherein an apparent riboflavin deficiency occurred in one young 
calf and a thiamine deficiency in another, both of which were receiving aureo- 
mycin in the diet. It now seems probable that factors other than antibiotic sup- 
plementation per se were responsible for the apparent B-vitamin deficiencies 
observed by Murley. 

Evidence that indicates gastro-intestinal synthesis of B-vitamins in ruminants 
is available. Kesler and Knodt (10) found that on a dry matter basis the eon- 
centrations of thiamine, riboflavin, niacin, and pteroylglutamie acid were higher 
in various regions in the digestive tract of the young dairy calves than in the 
feed consumed. Further evidence of intestinal synthesis of some of the B-vita- 
mins has been reported by Pearson ef al. (16) in studies with sheep. It is of 
interest to note that Chance et al. (3), in a study of the effect of aureomycin on 
the rumen synthesis of some of the B-vitamins, found that the antibiotic ap- 
peared to have no marked effect on the rumen synthesis of riboflavin, panto- 
thenie acid, or nicotinie acid. 

The effect of antibiotics on the intestinal synthesis of some of the B-vitamins 
by various species has received attention during the past few years. Several 
reports (4, 8, 17) have shown that vitamin B,, is synthesized in the intestines 
of rats and that aureomycin feeding results in an increase in the intestinal level 
of this vitamin. The oral administration of streptomycin to humans apparently 
has no marked effect on the urinary excretion of folie acid, thiamine, riboflavin, 
and pyridoxine compounds (19). This finding suggests that streptomycin did 
not inerease intestinal synthesis of the vitamins studied. Sauberlich (20) has 
shown, however, that the addition of penicillin to a diet caused a marked stimula- 
tion in the growth of rats fed diets free of or low in thiamine, pyridoxine, and 
pantothenie acid. The inclusion of penicillin or aureomycin in the complete diet 
had no effect upon the growth of the animals. The recent report by Guggenheim 
et al. (7) indicates that aureomycin, streptomycin, and terramyein added to 
diets low in pantothenic acid cause a significant increase in the fecal excretion 
of this vitamin in the rat, and also that the antibiotics caused increased urinary 
excretion of thiamine and pantothenic acid at all levels of vitamin intake. It 
seems apparent, therefore, that one might expect little adverse effect, and quite 
probably a beneficial effect, of aureomycin-supplementation on the intestinal 
synthesis of several of the B-complex vitamins in most species. 

The blood B-vitamin levels reported herein are within the range of the values 
reported for bovine blood levels of riboflavin (6, 21), niacin (15, 22), thiamine 
(6, 24), and vitamin B,, activity (7, 18). The authors are not aware of reports 
of blood pantothenic acid values in young dairy calves. Moreover, virtually no 
data are available to show the trends in blood levels of the B-vitamins during the 
early life of the young calf. A recent report by Moinuddin et al. (12) indicates 
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that the levels of both riboflavin and niacin in lambs’ blood decrease gradually 
from birth to 6 weeks, whereas the bluod levels of vitamin B,, tend to increase 
slightly from birth to 8 weeks. Similar trends were observed in calves in the 
present study. 

The observed trends in the blood B-vitamin values cannot be explained solely 
by gradual change in the feeding regime over the 12-week experimental period. 
However, the significant drop in the riboflavin level during the 4-to-8-week 
period may be due in part to the discontinuation of whey product (high in 
riboflavin) feeding and the subsequent consumption of hay and grain (low in 
riboflavin) during this period. The onset of rumination may be an important 
factor in the observed changes in blood levels of vitamins. 

Since the urinary excretions of the B-vitamins under consideration in this 
report were not measured, one cannot state that the B-vitamin absorption from 
the intestinal tract was not influenced by the oral administration of aureomycin. 
However, since the blood B-vitamin levels were essentially the same in each group 
of ealves, it is apparent that the antibiotic had no demonstrable adverse effect. 
Additional studies, which should include urinary excretions of the B-vitamins, 
are needed to clarify the over-all problem of B-vitamin metabolism in calves 


receiving antibiotics. 
SUMMARY 


The blood levels of thiamine, riboflavin, pantothenic acid, niacin, and vitamin 
B,. activity were determined for ten male and ten female Holstein calves at 4 
days of age. No significant differences between sexes were observed. 

Eight Holstein calves at 4 days of age were placed on a milk replacement 
diet and were assigned to two comparable groups, one of which received aureo- 
mycin orally (40 mg. daily per calf for 7 weeks, 80 mg. daily per calf from 8 
to 12 weeks) while the other served as a control. Venous blood samples drawn 
at the beginning of the experiment and at 1, 2, 4, 8, and 12 weeks thereafter 
were analyzed for thiamine, riboflavin, niacin, pantothenic acid, and vitamin B,,. 
No significant differences in the blood levels of these vitamins were found between 
the two groups of animals. Moreover, no apparent differences were observed 
between male and female calves. Certain trends in the B-vitamin blood levels 


with age are evident. 
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METHODS-TIME MEASUREMENT ANALYSIS OF SOME 
MILK PLANT CLEANING OPERATIONS 


G. P. MARLEY, W. M. ROBERTS, anp R. W. LLEWELLYN 


Departments of Animal Industry and Industrial Engineering 
North Carolina State College, Raleigh 


There are many methods used to perform the task of disassembling, cleaning, 
and reassembling dairy equipment among different plants as well as within 
individual plants. The wide variations in methods depend to some extent on the 
plant layout and equipment available to do the job but to a greater extent on 
the training, experience, skill, and incentive of the operator. With the exception 
of the sanitary lines operations, most of the disassembly, cleaning, and assembly 
operations occur only once each day, thus reducing the worker’s desire to per- 
form the operation the same way twice in suecession. 


Several reports on the processing cost in dairy plants have revealed that 
labor is the greatest single item of expense. These reports also indicate that 
dairy plant clean-up accounts for a substantial portion of the labor cost. There- 
fore, the application of a technique which would improve and standardize the 
methods of cleaning any given piece of equipment used in the processing of milk 
would seem to be beneficial in reducing the total labor cost. 


It would be advantageous for plant supervisory personnel to know how long 
it should take to do a given clean-up task. Such knowledge would lead to better 
use of available manpower, provide a basis for judging efficiency, help in esti- 
mating labor requirements and workload distribution and, perhaps at a later 
date, aid in the formulation of wage incentive payment procedure. 

Previous studies of dairy plant activities have been reported in which times 
were obtained by stopwatch time study. This technique has some disadvantages 
because (a) the methods and layout vary so much from plant to plant that 
time differentials are encountered from one study to the next which are difficult 
to account for because of the many variables involved; (b) only one reading can 
be obtained per day, thus making the process of accumulating data very slow; 
and (c) a complete study must be made on each make and size of machine before 
standard data can be established for the machine. 

Methods-time measurement (MTM) is a relatively new technique and was 
used in this study to overcome the disadvantages mentioned above. MTM involves 
the determination of methods and times from a table of standard time values 
for the fundamental body motions used in industrial work (1). The principal 
motions are reach, move, turn, grasp, position, disengage, and release. The first 
two motions, reach and move, are classified by type and the distance the hand 
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moves in performing the motion; turn is classified by type and the number of 
degrees the wrist turns during the turning motion; the others are classified 
by type. For the classification of each motion, a time value is given. To establish 
a time standard for an operation, it is only necessary to select the motions 
required to perform the task from the standard table and add the standard time 
values for the motions involved. 

The three objectives in this study were: (a) to develop more efficient methods 
of performing cleaning operations; (b) to establish standard times for the 
methods selected; and (c) to evaluate the practicability of the methods and the 
aecuracy of the standard times when subjected to plant conditions. 


METHODS 


Several milk plants in North Carolina were visited to observe the cleaning 
methods now being used. The plants ranged in size from 5,000 to 70,000 Ib. of 
milk received daily. For a period of 8 weeks data were collected on the clean-up 
operations for the following equipment: homogenizers,? A200, B500, and B800; 
glass bottle fillers, A10 and C14; and HTST, D2000. In general, the following 
procedure was used regardless of the make or size of equipment under study. 
The instruction book for the machine under observation was first studied to 
become familiar with the nomenclature of the individual parts. As the operator 
disassembled, washed, and assembled the machine, notes were taken on plant 
arrangement, accessibility of equipment to cleaning, the use (and possible use) 
of cleaning aids such as portable wash carts and vats, length and type of motions 


TABLE 1 


Example of the MTM technique for establishing standard times for 
element ‘‘loosen nuts by hand and aside to pail’’ 


Left hand Symbol TMU* Symbol Right hand 
Hand to nut R20B 18.6 R20B Hand to nut 
Grasp nut GIA 1.7 GIA Grasp nut 
Turn nut to loosen T908S 5.4 T90S Turn to loosen 
Release nut RLI je g RLI Release nut 
To new position on nut T90S 5.4 T90S To new position on nut 
Grasp nut GIA 1.7 GIA Grasp nut 
Turn nut to loosen T90S 5.4 T90S Turn nut to loosen 
Release nut RLI es RLI Release nut 
42.6 Repeat last four 
motions three times 
Regrasp nut G2 5.6 G2 Regrasp nut 
Nut to pail M20C 18.6 M20C Nut to pail 
Release nut to pail RLI 17 RLI Release nut to pail 
1101.0 Repeat last 20 motions 


ten times for remain- 
ing 20 nuts 
1211.1 X 0.0006" = 0.73 minute 


* Time measurement units — one TMU is defined as 0.00001 hr. 
» Factor for converting TMU’s to decimal minutes. 


* The letter is the code designation for the manufacturer of each piece of equipment. The 
numerals indicate the capacity of the equipment as follows: homogenizers, gal/hr; bottle 
fillers, number of valves; and HTST, lb/hr. 
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involved, and number of steps necessary to do the job. The best method of per- 
forming the operation was then developed with the MTM technique, and the 
time for the operation was calculated. 

A typical example of the MTM technique for establishing standard times is 
given in Table 1. 

The complete data including all the individual motions and their times for 
each element are filed in the Dairy Manufacturing Section of the Animal Indus- 
try Department, North Carolina State College, Raleigh. 

The second phase of the study was directed at establishing the practicability 
of the MTM data when applied to plant conditions. A stopwatch time and 
motion study was used for this purpose. The methods which had been calculated 
by the MTM study to be the most efficient were taught to experienced operators 
on the following pieces of equipment; A200 homogenizer, A10 bottle filler, and 
D2000 HTST pasteurizer. After a training period of 1 to 2 weeks, stopwatch 
readings were determined for each element. Ten readings for each element were 
taken, and the arithmetical average of these was determined. 


RESULTS AND DISCUSSION 


Standard times were established for the preparation, disassembly, washing, 
and assembly of the homogenizer, glass bottle filler, and HTST pasteurizer by 
the stopwatch and MTM techniques. 

Homogenizer operation. A comparison of standard times as established by 
stopwatch and MTM for the disassembly, wash, and assembly of the A200 
homogenizer is given in Table 2. 


TABLE 2 


A comparison of standard times for homogenizer clean-up 
as established by stopwatch and MTM techniques 


Stopwatch* MTM 
Operations time 


(Min.) 


Preparation A 0.71 
Assembly 2 6.79 


“ Average of 10 readings. 


The homogenizer was located in a position to give the operator free access to 
the front and both sides of the machine for efficient operation as well as ease of 
cleaning. The manufacturer’s directions of following the last run of milk with 
warm water until the discharge becomes clear were observed in this operation. 
This machine was disassembled into 77 parts, of which 22 were nuts. The parts 
were placed directly into a rubber pail of cleaning solution as they were dis- 
assembled. The milk contact surfaces of all disassembled parts and cylinder 
block were serubbed with stiff bristled brushes. As the parts were washed, they 


‘ (Min. ) 
— 
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were placed in an orderly arrangement on a rubber mat that was located directly 
in front of the machine. This eliminated the practice of searching through a 
pile of jumbled parts for the desired one. After the parts had been rinsed and 
allowed to dry for 10 to 15 minutes, they were assembled with the exception 
of the plunger assemblies and front port covers. Management had adopted this 
policy to assure complete drying of the parts, especially gaskets, and thus 
inerease the life of the machine. Immediately before the next operation, the 
plunger assemblies and front port covers were assembled. 

In previous work, Redfern (3) found that it required 23.22 minutes to dis- 
assemble, clean, and assemble an A200 homogenizer when the operator was 
allowed to use his own cleaning method. In this investigation, the same homoge- 
nizer was studied. No change or improvements were made except in methods 
used to perform the clean-up task. With the improved method, the operator 
was able to complete the clean-up task in 16.31 minutes, which is a saving of 
6.91 minutes, or 42%. In one year approximately 35.5 hours would be saved 
in clean-up time alone on the homogenizer just by changing the operator’s method 
of performing the task. 

From the data it would seem that a more efficient method of disassembling, 
cleaning, and assembling a homogenizer was developed. The stopwatch and 
MTM standard times have variations of only 0.27 minute, or 2% for the total 
clean-up time. 

An MTM study was also made on B500 and B800 homogenizers. The results 
on these machines along with the MTM data for the A200 homogenizer are given 
in Table 3. 


TABLE 3 
A comparison of the time required by operation on homogenizer disassembly, wash, and 


assembly as established by MTM for three machines of different capacities 
Operations A200 B500 Bs800 
(Min.) (Min.) (Min.) 


Preparation 2.16 2.16 
Disassembly 4 4.77 4.51 
Wash and rinse js 3.46 3.46 
Assembly H 7.42 6.17 


Total clean-up time 16.04 17.81 16.29 


The same general procedures that were used for the A200 machine were 
followed in cleaning the B500 and B800 machines. It was necessary to use a 
larger cleaning vat and table, which accounts for the longer preparation time 
for the B500 and B800 machines. Regardless of the size of the machine, the 
total clean-up time is approximately the same. The number of parts per 
machine seems to be the reason for this small variation. The machines were 
disassembled into 77, 75, and 73 parts for the 200, 500, and 800-gal. machines, 
respectively. The average times per part were 0.21, 0.24, and 0.22 minute for 
the 200, 500, and 800-gal. machines, respectively. The smallest machine can be 
disassembled, washed, and assembled in less time than the larger machines when 
the time is calculated on a per part basis. 
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Bottle filler operation. MTM and stopwatch studies were made on the A10 
bottle filler. A portable two-compartment wash vat was moved near the bottle 
filler to enable the operator to disassemble the machine and place the parts 
directly into the vat. Buttermilk was the last product bottled before clean-up, 
which made it necessary to do a thorough prerinse of all parts before washing. 
All parts coming in contact with the milk as well as the exhauster assembly 
were disassembled. The bowl cover and exhauster hood and tubes were placed 
on rubber mats near the machine. All disassembled parts except the bowl cover 
and exhauster hood and tubes were washed in the vat. The above mentioned 
parts plus all stationary parts of the bottle filler and capper were washed from 
a pail of cleaning solution. After being rinsed with warm and then hot water, 
the machine was allowed to dry 10 to 15 minutes before assembly. The machine 
was completely assembled at the end of the day with the exception of the con- 
densate deflectors, valve rubbers, transfer guide, and starwheels. These parts 
were assembled immediately before the next operation. 

A comparison of the standard times as established by the stopwatch and 
MTM technique for the bottle filler clean-up is given in Table 4. The times 
established by stopwatch and MTM were 29.49 and 28.19 minutes, respectively, 
for the total cleaning time. This is a variation of 1.30 minutes, or 5%, which 
is as close as can be expected for this type of nonrepetitive operation. 


TABLE 4 
A comparison of standard times as established by the stopwatch and MTM technique 
for the disassembly, wash, and assembly of a bottle filler 


Stopwatech* MTM 
Operations time time 


(Min.) 
Prerinse and prepare cleaning solution..........0....000.00....0...0000.0cccceecceeseeeesseeeeeees 3.40 3.40” 


“ Average of 10 readings. 
> Stopwatch time. 


Redfern (2) found that it required 47.34 minutes to disassemble, clean, and 
assemble an A10 bottle filler. In this investigation, an improved method was 
established by the MTM technique for the same bottle filler. With the improved 
method, the operator was able to clean the machine in 29.49 minutes. The reduc- 
tion in time of 17.85 minutes, or 61%, would mean a saving of approximately 
93 hours a year in clean-up time for the bottle filler. 

The general cleaning procedure for the C14 machine was the same as for 
the Al0 machine. The only difference was that the capper was cleaned separately 
on the C14 machine and therefore was not included in the study. Table 5 gives 
a comparison of the time required to clean the two machines. 

The C14 bottle filler can be disassembled, cleaned, and assembled in 23% 
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TABLE 5 


A comparison of the time required by operation on bottle filler disassembly, wash, and 
assembly as established by MTM for two machines of comparable size 


Operations 


Preparation 

Disassembly 

Prerinse and prepare cleaning solution 


Total clean-up time 


* Stopwatch time. 


less time than the A10 machine. When the total clean-up times are compared 
on a per part disassembled basis, however, it requires 0.01 minute longer per 
part to clean the C14 machine. The A10 machine was disassembled into 93 parts, 
of which 70 were filling valve assemblies, and the C14 machine was disassembled 
into 73 parts, of which 56 were filling valve assemblies. 

HTST pasteurization operation. The problem of establishing standard data 
on the high-temperature short-time pasteurization system is very complex be- 
cause of the many different pieces of equipment involved. In this study the 
system was considered as beginning with the supply tank, located near the 
HTST pasteurizer proper, and ending at the elbow of the pipe leading into the 
bottle filler. The equipment between these points included the HTST pasteurizer 
proper (frame, plates, and connections), positive flow pump, holding tube, flow 
diversion valve, thermometers, thermal control bulb, air relief valve, three-way 
valve, two-way valve, and all connecting pipes, tees, and elbows. 

Standard times as established by the stopwatch and MTM technique for the 
D2000 HTST pasteurizer are given in Table 6. 

The variations between stopwatch and MTM times were greater for the 
HTST pasteurizer than for the homogenizer or bottle filler. The wider variety 
of equipment making up the pasteurization system probably had a greater influ- 
ence on the operator’s ability to learn the new method of performing the clean-up 


TABLE 6 
A comparison of the time required by operations on HTST pasteurizer disassembly, 
wash, and assembly as established by stopwatch and MTM techniques 


Stopwatch* MTM 
Operations time time 


(Min.) (Min.) 


Change pipe connections from milk setup to acid setup 14.52 15.46 
Timing pump 6.80 5.02 
Disassemble pipe from acid setup 12.69 8.08 
HTST proper 18.82 18.91 
Wash pipes 24.12 15.10 
Assemble pipes and valves 49.12 29.53 


Total clean-up time 126.07 92.10 


* Average of 10 readings. 


(Min.) (Min.) 
0.56 0.70 
4.06 2.36 
3.40"  3.40° 
11.57 11.72 
8.60 4.69 
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job. The two major causes for the variation in total times, however, were the 
lack of proper supports for the holding tube and the lack of a quick means of 
identifying the pipe during the assembly operation. No attempt was made in 
this study to change anything except the operator’s method of performing the 
work; therefore, these two deficiencies were not corrected prior to the stopwatch 
study. The total clean-up time established by the MTM technique was 37% 
below the stopwatch time, which means there is still a potential savings in total 
clean-up time of 34 minutes a day, or approximately 210 hours a year. By cor- 
recting the two situations mentioned above and by extending the training period 
of the operator, it is believed that the MTM standard times can be attained. No 
previous times were available for comparison with this method of cleaning HTST 
pasteurizers. 

The data on the clean-up operations of the homogenizer, glass-bottle filler, 
and HTST pasteurizer indicate that the MTM technique does have merit when 
applied to these particular operations. Before an unequivocal statement can be 
made, however, concerning the practicability of MTM as a time-setting tech- 
nique for the above jobs, more data with different operators working under 
different plant conditions will be required. The data also indicate that MTM 
can be used advantageously not only in determining methods for the operators 
to use in performing the clean-up tasks but in pointing out the proper equip- 
ment and correct cleaning aids to use so that clean-up can be done efficiently. 


CONCLUSIONS 


The methods-time measurement standard data are applicable to nonrepetitive 
clean-up operations in the dairy plant. 

The times required for the disassembly, cleaning, and assembly of the 
homogenizer, bottle filler, and high-temperature short-time pasteurizer were re- 
duced by 40% or more when operators had been trained to use improved methods 
established by methods-time measurement. 

The training and skill of the operator were the major causes for the variations 
between the stopwatch and methods-time measurement standard times. 

For any particular machine, the number of parts disassembled, washed, and 
assembled is more important in determining the total clean-up time than size of 
the machine. 

Inefficient use of cleaning aids and equipment can be ascertained by methods- 
time measurement. 
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DILUTERS FOR BOVINE SEMEN. II. EFFECT OF LACTENIN AND 
OF LACTOPEROXIDASE UPON SPERMATOZOAN LIVABILITY ! 
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Dairy Cattle Breeding Research Center, Department of Dairy Husbandry 
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The fractionation of milk proteins by Thacker et al. (14) indicated that the 
factor(s) present in unheated milk which are toxic to bovine spermatozoa are 
associated with the albumin-containing fractions. However, much of the activity 
was lost during the fractionation procedure and none of the fractions retained 
more than a portion of the toxicity of the source material. The heat lability, 
nondialyzability and loss of activity with salt fractionation suggested that the 
factor might be enzymatie in nature. Most of the known enzymes in milk are 
inactivated by heating to 92° C. for 10 minutes, although lactoperoxidase is a 
notable exception (9). Another approach to the problem of identifying the 
spermicidal factor(s) is suggested by the similarity between the characteristics 
of the spermicidal factor(s) of unheated milk (5, 13, 14) and lactenin (1, 2, 6, 
7, 8, 17, 18), an antistreptococeal substance found in milk which was originallv 
prepared in concentrated form by Jones and Simms (7). 

The investigation reported herein was undertaken to further characterize 
the nature of the spermicidal factor(s) in unheated milk, and to determine if 
either lactoperoxidase or lactenin accounted for the toxicity of unheated milk 
to spermatozoa. 


EXPERIMENTAL PROCEDURE AND RESULTS 


With the exception of one trial in which Ringer-phosphate solution was used, 
heated skimmilk served as the control diluent and as the vehicle for the prepared 
fractions throughout the experiment. Fresh, raw skimmilk was obtained from 
the University dairy plant, heated at 92°C. for 10 minutes, and cooled in 
running tap water. Twelve to 15 minutes usually was required to reach 92° C. 
Semen was diluted for storage at the rate of one volume of semen to 50 volumes 
of diluent. Motility of spermatozoa, after storage of the diluted semen samples 
at either 4 or 37° C., was estimated at 37° C. by means of a microscope equipped 
with a thermostage. 

Peroxidase. Two lots of peroxidase were prepared from horseradish root as 
described by Elliott (3). A sample of crystalline lactoperoxidase (10) was ob- 
tained through the courtesy of B. D. Polis, U. S. Naval Air Development Center, 
Johnsville, Pa. The peroxidase and lactoperoxidase samples were dialyzed until 
salt free, then each was adjusted to a nitrogen content of 0.048 mg. of nitrogen 
per milliliter of solution. Each of these preparations gave positive results when 
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qualitatively tested for peroxidase activity. To test the effect of these prepara- 
tions on spermatozoan survival at 4° C., one volume of peroxidase was added 
to seven volumes of heated skimmilk and used as the semen diluent. This dilution 
provided a concentration of enzyme in the diluent equal to the reported level 
in milk (9, 10). The heated skimmilk used as the control was diluted with 


distilled water (7:1) in order to maintain a constant milk solids content in all 


TABLE 1 


Effect of peroxidase from horseradish and from milk on the mean 
per cent of motile spermatozoa in five ejaculates 


Days of storage at 4° C. 


1 2 3 4 6 8 


(%) (%) (%) (%) (%) (%) 


Heated skimmilk 54 y 44 36 10 
Peroxidase, lot 1 60 § 52 50 30 
Peroxidase, lot 2 58 52 46 32 
Lactoperoxidase 60 5 5 46 40 18 


samples. The mean motilities for five ejaculates are shown in Table 1. An 
analysis of variance (12) of the motility observations revealed that all peroxidase 
treatments were significantly better than the control. Since lactoperoxidase 
obviously was not spermicidal, attention was directed to lactenin as the source 
of toxicity. 

Lactenin prepared by tryptic digestion. A sample of lactenin was supplied 
through the courtesy of T. L. MeMeekin, Eastern Regional Research Laboratory, 
Philadelphia, Pa., and tested for spermicidal activity. A preliminary test re- 
vealed that the preparation was highly toxie to spermatozoa when added to 
heated skimmilk at the rate of 10 mg. per milliliter and showed some adverse 
effect on motility after 4 hours of storage at 37° C. in concentrations as low as 
0.4 mg. per milliliter. Based on these findings, a trial was set up in which heated 
skimmilk containing 5 mg. of laetenin per milliliter was compared with plain 
heated skimmilk and with unheated skimmilk. The results, presented in Tabie 2, 
show that the lactenin preparation was highly toxic to spermatozoa stored at 
4° C. The trial was conducted with a single lot of raw skimmilk; in the first 
replicate of five ejaculates there was no motility after the second day of storage 
in unheated skimmilk. The diluents were stored at 4° C. in glass vessels until 
used in the second replicate 2 days later. In the second replicate motility in 


TABLE 2 
Livability of bovine spermatozoa in milk and in lactenin prepared by tryptic digestion 
(mean of 10 ejaculates) 


% motile spermatozoa after storage at 4° C. for 


2 3 4 6 8 10 12 
days days days days days days days 


Heated skimmilk 37 31 29 25 13 10 6 
Unheated skimmilk 16 15 12 9 2 0 0 
Lactenin 0 0 


10 12 
(%) (%) 
4 0 
12 0 
12 0 
0 0 
day 
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three ejaculates persisted for 6 days in unheated skimmilk. No difference between 
replications was noted with either heated skimmilk or the lactenin preparation. 
Qualitative tests for amylase and for proteolytic activity revealed that both 
were present in the lactenin sample. Upon inquiry it was found that the sample 
had been prepared by trypsin digestion and aleohol precipitation (11). At- 
tempts were made to inactivate the trypsin present in the sample with mercuric 
chloride (4) and dialysis to remove the uncombined mercuric chloride but were 
only partially suecessful; lactenin so treated was much less toxie than untreated 
lactenin, and the toxicity after such treatment varied considerably from one 
trial to another. 

Lactenin prepared by acetone precipitation. Laetenin preparation was next 
attempted by a modification of the acetone fractionation procedure of Auclair 
and Berridge (7). Whey was obtained from raw skimmilk by rennin action, 
and the rennin was inactivated by heating at 63° C. for 10 minutes. The whey 
was cooled to 2° C., and an equal volume of acetone was added in small inere- 
ments over a 2-hour period while the temperature was gradually reduced to 
~7° C. The precipitate which formed was recovered by centrifugation in the 
cold, suspended in ice water, and dialyzed against distilled water at 4° C. for 
48 hours. Sodium acetate was added to the dialyzed suspension to 0.015 M, and 
the pH was adjusted to 6.8 with 0.1 N HCl. Chilled acetone was added to produce 
successive concentrations of 10, 20, 30, 40, and 50% acetone, and after each 
addition the resulting precipitate was recovered by centrifugation and taken 
up in 0.05 M phosphate buffer. To the supernatant remaining after each cen- 
trifugation was added the next increment of acetone. Each of the suspended 
precipitates was dialyzed against distilled water at 4° C., then dried in a current 
of warm (40-45° C.) air. The prepared fractions were suspended in Ringer-phos- 
phate solution to a concentration of 0.5 mg. per milliliter and tested for spermi- 
cidal activity. The results of this trial, which are presented in Table 3, indicate 
that the fractions prepared with 10 and 20% acetone were toxic to spermatozoa, 
whereas the fractions prepared with 30, 40, and 50% acetone were relatively 
nontoxic. 

Two lots of lactenin were prepared from separate lots of raw skimmilk by 
the acetone fractionation procedure. Inasmuch as the previous trial showed 


TABLE 3 


Effect of lactenin prepared by acetone fractionation and suspended in Ringer-phosphate 
solution on the mean per cent of motile spermatozoa in four ejaculates 


Hours of storage at 37° C. 


Ringer-phosphate 

10% acetone fraction 
20% acetone fraction 
30% acetone fraction 
40% acetone fraction 
50% acetone fraction 


1 ¢ 4 6 
(%) (%) (%) 

41 30 16 10 

15 0 0 
25 12 3 0 
40 28 15 10 
35 30 23 7 
40 30 15 10 
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little or no toxicity associated with the fractions prepared with the higher con- 
centrations of acetone, only the 10 and 20% acetone fractions were prepared 
in these trials. The dried fractions were suspended at the rate of 0.5 mg. per 
milliliter of heated skimmilk, and separate tests of motility survival at 37° C. 
with six ejaculates were conducted on each lot of lactenin fractions. Since the 
results were similar in the two trials, the data were combined and are presented 
in Table 4. 


TABLE 4 


Effect of lactenin prepared by acetone fractionation of raw skimmilk on the 
mean per cent of motile spermatozoa in 12 ejaculates 


Hours of storage at 37° C. 


1 4 


(%) (%) 


Heated skimmilk 55 43 
10% acetone fraction 43 i 19 
20% acetone fraction 39 13 


Two additional lots of lactenin were prepared from lots of skimmilk of 
known low spermicidal activity: spermatozoa retained 50 to 60% of their initial 
motility after 4 hours of storage at 37° C. in the unheated skimmilks. Attempts 
were made to concentrate lactenin by the acetone fractionation procedure from 
these skimmilks, and no toxicity to spermatozoa was found when the dried frae- 


tions were employed at concentrations of 9.5-1.0 mg. per milliliter of heated 
skimmilk and stored at 37° C. These results indicate the difference in the initial 
toxicity of various lots of skimmilk. 

Lactenin was prepared next from nonfat dry milk solids produced and 
marketed for human consumption. After reconstitution of the milk solids, the 
general procedure was the same as that outlined previously for raw skimmilk. 
In previous trials after the preliminary acetone treatment and recovery of the 
precipitate for dialysis, the supernatant was discarded. In this trial the super- 
natant was stored at 4° C., and after 5 days a white precipitate settled out. The 
precipitate was recovered, dried, and ineluded in the livability trial as Frae- 
tion A. 

After dialysis of the preliminary acetone precipitated material, acetate addi- 
tion and pH adjustment, the preparation was centrifuged in the cold for 15 
minutes, and the precipitate recovered in this manner is referred to as Fraction 
B. The supernatant from Fraction B was subjected to successive additions of 
chilled acetone to produce concentrations of 5, 10, 15, and 20% acetone, and 
the precipitate was recovered after each addition of acetone. Each of the six 
fractions was suspended in heated skimmilk at the rate of 0.5 mg. per milliliter 
and tested for spermicidal activity. The mean motilities for six ejaculates after 
storage at 37° C. are shown in Table 5. Although some toxicity was exhibited 
by each of the six fractions, Fraction A appeared to be relatively nontoxic, and 
most of the toxicity was concentrated in the 5 and 10% acetone-precipitated 
fractions. 
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TABLE 5 


Effect of lactenin prepared by acetone fractionation of nonfat milk solids on 
the mean per cent of motile spermatozoa in six ejaculates 


Hours of storage at 37° C. 


Heated skimmilk 
Fraction A 
Fraction B 

5% acetone fraction 
10% acetone fraction 
15% acetone fraction 
20% acetone fraction 


DISCUSSION 


The results obtained with peroxidases seem to preclude any possibility that 
lactoperoxidase is an important spermicidal factor which is inactivated by the 
heating of milk. The peroxidases tested significantly increased the survival of 
spermatozoa stored at 4° C. in heated skimmilk, in agreement with the results 
obtained by VanDemark et al. with catalase (16). Catalase and peroxidase exert 
similar effects in that both destroy hydrogen peroxide, which is produced by 
spermatozoa and is harmful to them (135). 

The trials with lactenin prepared by two different procedures clearly demon- 
strate its spermicidal activity and indicate that lactenin probably accounts for 
much of the spermicidal activity of unheated milk. Although the possibility of 
the existence of other factors can not be excluded, spermicidal lactenin fractions 
were recovered from all lots of milk which were spermicidal before fractionation. 
On the other hand, no activity was found in attempts to concentrate lactenin 
from skimmilk which was originally low in toxicity. The absence of laetenin 
activity from lots of skimmilk consisting of mixed milk from several herds is 
puzzling, although investigators (6, 17) have stated that the lactenin titer varies 
considerably with individual cows. Perhaps the most logical explanation is 
inactivation during processing in the plant. If lactenin funetions through its 
influence on oxidation-reduction potentials, as suggested by Wilson and Rosen- 
blum (18), such inactivation could oceur rather easily. 

Attempts to purify lactenin have not been successful and its chemical nature 
has not been determined, although Jones and Simms (8) reported that no ele- 
ments other than carbon, hydrogen, oxygen, and nitrogen were present. The 
problem of purification is complicated by the fact that lactenin is inactivated 
by many of the reagents ordinarily used for protein fractionation (17). It 
apparently is not identical with any of the known antibacterial enzymes, includ- 
ing peroxidase and lysozyme, which are present in milk (78). Although its 
properties, summarized by Wilson and Rosenblum (17), have led investigators 
to believe that lactenin is an enzyme, there is no conclusive evidence that this is 
so. Acetone fractions, although higher in activity than preparations obtained 
by other methods, still were not pure when examined electrophoretically (17). 
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(%) (%) (%) (%) 
55 50 48 33 a 
55 53 40 15 
58 38 30 5 
48 20 0 0 
22 10 2 0 
52 48 30 7 
55 50 40 1 
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In the trials reported in this paper, acetone-prepared fractions appeared to have 
more spermicidal activity than lactenin prepared by trypsin digestion and 
aleohol precipitation, in spite of the combined effeets of trypsin and laetenin in 
the latter. 

The toxicity of the fractions precipitated at lower concentrations of acetone 
and the absence of toxicity in those fractions precipitated at higher acetone 
concentrations indieates that the lactenin-2 fraction deseribed by Auclair and 
Hirsch (2) is spermicidal, whereas the lactenin-1 fraction does not appear to 
affect spermatozoa. Inasmuch as lactenin-1 loses nearly all of its inhibitory 
activity after being heated to 70° C. for 20 minutes, it is possible that the heat 
treatment necessary to inactivate the rennin destroyed much of the lactenin-1 
activity. The observation of Thacker et al. (14) that a small amount of unheated 
milk added to heated milk resulted in toxicity, might be advanced as evidence 
of a role of lactenin-1 in the toxicity for spermatozoa. 


SUMMARY 


Lactenin, an antistreptococcal substance of milk, has been concentrated by 
acetone fractionation of whey and shown to be highly toxic to bovine spermatozoa. 
Lactenin prepared by tryptic digestion of whey, dialysis, and aleoholie pre- 
cipitation also was toxic to spermatozoa, but the results were partially con- 
founded by the difficulty of separating trypsin from the lactenin. 
Lactoperoxidase, when added to heated skimmilk and used as a semen diluent 
in a storage trial, exhibited no toxicity for bovine spermatozoa at the concen- 
tration used. 
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THE EFFECT UPON MILK PRODUCTION AND BODY WEIGHT 
‘OF VARYING WITHDRAWAL PERIODS AFTER 
THYROACTIVE SUPPLEMENT FEEDING 


E. W. SWANSON 


Dairy Department, University of Tennessee, Knoxville 


The ability of thyroactive supplemental feeding to cause increases in milk 
production of dairy cows in the declining phase of lactation has been demon- 
strated by several independent investigators, most of whose results have been 
reviewed by Blaxter et al. (3, 4). Observed production increases have been 
accompanied by moderate to large losses in body weight in spite of extra feed, 
followed by a return to normal rate of gain as the production stimulus declined 
(10, 13, 14). It also has been noted that after abrupt withdrawal of the thyro- 
active supplement, milk production has declined very rapidly to a subnormal 
level, and in some eases lactation has virtually ceased (2, 5, 8). For this reason 
the common method of using thyroactive supplement has been to continue feeding 
it until time to dry off the cow. Since the period of significant stimulus has been 
about 10 to 14 weeks in most experiments (7, 10), it would be economically 
advantageous to withdraw the supplement from the ration at that time, or earlier 
if desired, if such withdrawal could be done without causing a decline below 
normally expected production. Gradual withdrawal has been proposed to pro- 
duce this effect (2). Another question regarding the economy of thyroactive 
supplement feeding concerns the nature of the body weight losses and gains. It 
has been postulated that the weight changes may be due to water balance shifts 
(13). The improbability of the rapid weight gains, 4 to 5 lb. daily, after with- 
drawal of the thyroactive feed being comparable to normal weight gains has 
been emphasized in the light of insignificant changes in nutrient intake (6, 13) 
or digestion efficiency (1). If the lost weight is regained without significant 
inereases in nutrient intake, the energy represented by such weight losses cannot 
be charged properly against the treatment period. This study was conducted to 
determine the gradual withdrawal period following thyroactive feeding which 
would produce the least loss of production, if any, below normal and to identify 
the nature of the primary weight losses and gains associated with thyroactive 
feeding. 

EXPERIMENTAL METHODS AND RESULTS 


Erperiment J 
A limited study of different withdrawal rates was made after a 100-day 


period of feeding Protamone' to eight cows which were compared with eight 
cows not fed the thyroactive material (11). The eight treated cows were divided 


Reeeived for publication May 14, 1954. 


‘Protamone brand of iodinated casein was furnished for this experiment through the 
courtesy of Dr. George O. Kohler, Cerophy! Laboratories, Kansas City, Missouri. 
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into three groups to give comparable rates of production decline among the 
groups. Beginning at the 101st day the 3 lb. of supplemental feed containing 
15 g. of Protamone was gradually withdrawn from the groups in 10, 15, and 30 
days, respectively. Daily milk weights were recorded and weekly milk fat tests 
were made. 


= 50 -----COWS FED NORMAL RATION (AV OF 8) 
—COWS FED THYROACTIVE SUP 
*F AV. 3 COWS 7 
> 
= 
> i5-DAY 
oL.WITHORAW | WITHDRAW 
100 120 100 120 100 120 


DAYS AFTER STARTING THYROACTIVE SUPPLEMENT 


Fic. 1. Average milk production changes of cows fed Protamone followed by 10-, 15-, and 
30-day withdrawal periods. 


The results of this comparison are presented in Figure 1. These data indieate 
that the treated cows at this time were declining at about the same rate as the 
control cows. During a 10-day withdrawal period daily milk yields declined 
rapidly and continued to decline for 6 more days, after which they leveled off. 
The break in rate of decline in the 15-day withdrawal came about 5 days later 
than that in the 10-day group, but still continued for 5 days after withdrawal 
and then leveled off. The group withdrawn over 30 days followed the normal 
decline rate until the 27th day, after which a sharp decline occurred during the 
next 6 days, followed by a leveling off. These results indicated that 10- and 
15-day periods were too short to prevent a marked decline of 7 to 8 lb. of milk 
daily when the thyroactive feed was withdrawn but that the decline was quite 
uniform with a terminal drop of only about 4 lb. of milk daily after a 30-day 
withdrawal period. 


Experiment IT 


Beeause of the small number of cows in each group in the preliminary with- 
drawal comparisons, another comparison was made with six carefully paired 
cows in each group. Three pairs were Jerseys and three pairs were Holstein- 
Friesians. One of the six pairs was a set of identical twin heifers, which were 
unusually well paired even for identical twins. After a 30-day preliminary 
period, 3 lb. of thyroactive feed supplement containing 15 g. of Protamone were 
fed to each cow daily for 70 days. Withdrawal of the supplement was made 
gradually in 25 days in one group and in 18 days in the second group. It was 
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hoped that these periods might show intermediate effeets between those of the 
previous 15- and 30-day periods. All cows were several weeks past the peak of 
lactation, and the groups averaged 17 weeks in lactation when treatment started. 
All milk weights were recorded and daily composite samples were taken for fat 
test once a week. Body weight, heart girth, and paunch girth were taken on the 
same day for all cows at weekly intervals. A comparable group of six control 
cows was used for body weight and measurement comparisons, but not for pro- 
duction comparisons. Rates of grain feeding were equal between groups. All 
cows were fed mixed hay and corn silage ad lib. along with rye pasture when 
available at infrequent intervals. 

Production changes. The weekly average milk production of the two with- 
drawal groups is shown in Figure 2. The rate of decline was very high for both 
groups throughout the experiment. This may have been conditioned by the hot 
weather and severe fall drought at the start of this experiment. The groups 
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Fig. 2. Milk production changes of two groups of six cows each comparing 1S- and 25-day 


withdrawal after feeding Protamone for 70 days. 


responded comparably to the thyroactive supplement. Two cows in each group 
developed clinical mastitis during the 70-day treatment period. They were not 
eliminated because the effects were about the same on each group average, but 
these attacks did result in a higher rate of decline than normal during the last 
part of the experiment. The rates of decline during the withdrawal periods were 
nearly the same, and both groups leveled off at above their normal expected 
production based upon an extension of their pretreatment rate of decline. 

The production data from the pair of identical twins and an untreated con- 
trol heifer comparable to the twins are plotted in Figure 3. No heaith or man- 
agement problems occurred in these animals except the failure of Twin 6 to eat 
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Fic. 3. Milk production changes of a nontreated control heifer and a pair of identical 
twins during Protamone feeding and 18- and 25-day withdrawal periods. 


all of her supplement during the first 10 days. After that, production of the 
twins was nearly identical each week during the treatment period, during the 
variable withdrawal periods, and during the 30-day post-treatment period. The 
production response of these heifers to treatment was marked, and it remained 
high until withdrawal. The post-treatment production, although it was about 
7 lb. per day below the prewithdrawal yields, was not different from the expected 
normal production based upon either the control heifer or an extension of the 
pretreatment decline rate. 

Body measurement changes. The weekly average body weights and paunch 
girth measurements for the two treated groups and a nontreated control group 
are plotted in Figure 4. Heart girth measurements followed the same pattern 
but to a lesser degree of change. The control group gradually increased in body 
weight and paunch girth throughout the observation period. After Protamone 
feeding was started, the two treated groups lost weight and paunch girth con- 
sistently for 6 weeks. The average weight losses were 70 to 75 lb. and the girth 
reductions were 3.5 to 4.5 in. A slight increase in weight and girth then began, 
but after 5 more weeks when withdrawal of the supplement had been started, 
the treated cows still averaged 54 lb. below their pretreatment weight and 3.5 in. 
below their pretreatment girth. At the same time the nontreated cows had 
gained 39 Ib. and 0.8 in. 

As shown in Figure 4, there were no significant differences between the 
treated groups in the rate of body measurement changes during the variable 
withdrawal periods. The large variations at the 29th and 30th week were due 
to widely varying weather conditions. Rapid gains in body weight started during 
the second week of withdrawal in both treated groups and continued for 3 to 4 
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Fie. 4. Body weight and paunch girth changes of two groups of cows, I and II, fed Prota- 
mone compared with a control group, III. 


weeks after treatment had stopped. By this time the treated cows had gained 
90 to 100 lb., compared to 40 lb. for the untreated group, and all groups were 
again in the same relative weight positions as in the pretreatment period. In- 
ereases in paunch girth in the treated groups averaged 5.5 in., compared to only 
0.7 in. for the controls. This restored the relative paunch girth positions of the 
three groups which existed in the pretreatment period. 


Experiment II] 


Body water changes. The possibility of large shifts in the water content of 
the cows occurring during and after thyro-stimulation was investigated by deter- 
mining body water by the antipyrine dilution method (9). In order to relate 
body water to the normal body weights observed, the animals were not fasted 
before being dosed intravenously with 10 to 15 g. of antipyrine. After injection, 
the heifers were tied so they could not obtain water or feed until after the 
sampling period, 4.5 to 5.0 hours. Two sets of identical twins were used in which 
one of each pair was treated and the mate was the control. One of the treated 
twins metabolized the antipyrine so rapidly that unreliably low blood values 
were obtained; therefore, data are presented for only one of these pairs, No. 18 
and 19. The two twins which were both treated in Experiment II were also used 
for body water determinations and these were compared with a comparable 
control heifer. 

The estimations of per cent body water derived by the antipyrine dilution 
method are presented in Table 1. Rather wide variations were observed between 
heifers and in the same heifer at different times. The general trend in both 
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TABLE 1 


Total body water content of normal and Protamone-fed cows 
during and after the treatment periods 


Protamone-fed Controls 
Stage 
Period of expt. Cow No. Body water Cow No. Body water 


During 
treatment 


Average 


After 
withdrawal! 


Average 


control and treated heifers was toward lower body water percentages as the 
lactation advanced. The differences between control and treated heifers either 
during or after treatment are not significant. The data definitely fail to support 
the hypothesis that thyroactive supplement feeding at the levels used results in 
total body dehydration or that part of the rapid weight gain after treatment is 
due to restoration of normal water content. The supplement was stopped in 25 
days for No. 5, in 18 days for No. 6, and abruptly for No. 19. These differences 
in withdrawal rate did not cause notable differences in body water in comparison 
with the controls. 
DISCUSSION 


The milk production changes during varying rates of withdrawal of thyro- 
active feed supplement indicated that yields could be prevented from dropping 
below the normal expected level if the withdrawal period exceeded 15 days. The 
most gradual decline occurred when the supplement was reduced at the rate of 
0.1 lb. daily for 30 days. Differences between 15-, 18-, and 25-day periods were 
not noticeable. The results observed with individual cows indicated that the 
higher the stimulated production was above the expected normal yield, the more 
precipitous was the decline after withdrawal of the supplement. This is shown 
by comparing the lactation curves in Figures 2 and 3. All cows observed de- 
elined to their approximate normal yield after withdrawal, and it is highly 
improbable that a normal rate of decline can be obtained from a stimulated 
high level even by very gradual withdrawal. When the thyro-stimulation is re- 
moved, it must be expected that production will adjust to the normal level based 
upon stage of lactation and gestation, feed conditions, and other management 
factors affecting production. If this adjustment is 6 lb. per cow daily and the 
existing rate of decline is 0.1 lb. per day, the extension of that decline rate for 
20 days will still require a drop of about 4 lb. to occur near the end of the with- 
drawal period. If the withdrawal period is shortened the terminal drop in yield 
will be greater, and if it is lengthened the drop will be less. 


1217 ‘ 
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| | 7/28 45 19 69 18 62 
10/8 117 19 59 18 72 
12/18 69 5 80 3 79 
69 6 69 
69 71 
P| 11/5 26 19 66 18 62 
12/3 54 19 56 18 59 
1/20 8 5 67 3 67 
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One of the theoretical advantages of a gradual over an abrupt withdrawal is 
the slow adjustment of the body to removal of exogenous thyroxine. During 
thyroactive supplement feeding the thyroid becomes inactive (10, 12). How 
quickly it can resume normal operation after withdrawal has not been determined 
definitely. The large drops in yield after abrupt or short withdrawal periods 
indicate that thyroid normality is not achieved immediately. Activity of the 
thyroid as measured by uptake of radioactive iodine indicates that normal 
function is achieved by 4 weeks after abrupt withdrawal (72), and the minimum 
time is probably less than this. In view of this fact and the insignificant differ- 
ence between 18- and 25-day withdrawal periods in this study, 3-week with- 
drawal periods, or slightly less, should be satisfactory and gradual enough to 
prevent below-normal production dips in practical use. 

This investigation has shown that the major element in the body weight 
changes during and after thyroactive supplement feeding is the variation in 
gastro-intestinal fill. The loss of 3.5 in. in paunch girth during the early weeks 
of thyroactive feeding would represent about 7.5 gal. capacity, or more than 60 
lb. of weight, compared to 54 lb. average actual loss. The 5.5 in. increase in 
girth after withdrawal could represent about 89 Ib. of weight, whereas the 
actual average increase of all of the treated cows at that time was 95 lb. The 
very minor changes in body water percentages at the same time indicate that 
very little, if any, of the weight change is due to unusual shifts in body water. 
A more logical explanation is that the thyroactive feed causes stimulation of the 
gastrointestinal tract, resulting in smaller capacity. Removal of the stimulation 
allows the organs to resume their normal condition. In view of this possibility, 
most of the body weight loss during thyroactive feeding cannot be considered 
as energy loss, and the weight gain after treatment cannot be considered energy 
gain. In order to make proper comparisons of energy balances on the basis of 
body weights, pretreatment weights should be compared with weights of 3 to 4 
weeks after treatment in both treated and control cows. 


SUMMARY 


Withdrawal of 3 lb. of thyroactive feed supplement containing 15 g. Prota- 
mone daily from the ration of cows so fed for 10 to 14 weeks has been compared 
over periods of 10, 15, 18, 25, and 30 days. Withdrawal in 10 days was aeccom- 
panied by a sharp drop in milk yield and a temporary period of subnormal 
production. Less rapid decline was noted in the 15-, 18-, or 25-day withdrawal 
periods, with little difference in yield decline rates noted between the last two 
periods. Yields did not drop below estimated normal production after with- 
drawal periods of 15 days or more. Extending the withdrawal period to 30 days 
did not prevent a terminal drop from a partially stimulated yield to the estimated 
normal level. Rapid gains in body weight occurred after thyroactive feeding 
ceased. These were accompanied by increases in paunch girth large enough to 
account for nearly all of the weight increase as gastrointestinal fill. The total 
body water contents during and after treatment were essentially the same in 
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control and treated groups, indicating very minor changes in water balance due 


to thyroactive feeding. 
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THE ULNAR EPIPHYSEAL CARTILAGE WIDTH IN NORMAL AND 
RACHITIC CALVES AND ITS USE COMPARED TO 
OTHER METHODS OF DETECTING RICKETS 
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The use of X-ray photographs of the ulnar epiphyseal cartilage to demon- 
strate the presence of rickets in calves was first mentioned in 1938 by investi- 
gators from Pennsylvania State College (1). More recently this technique has 
been used by the present investigators (/, 5, 6). However, to date it has been 
used only to differentiate between normal and rachitie calves. 

It appeared desirable to make a detailed study of the normal pattern of 
ossification of the epiphyseal cartilage of the ulna in calves similar to studies 
made on the ossification centers in human wrists and hands (2). A normal 
pattern for calves would thus be obtained. This would make it possible for 
anyone to compare any roentgenogram with that of a normal which had been 
established for that particular breed, sex, and age. This would be used as an aid 
to a person desiring to use this technique in the field for the detection of rickets. 
It would also establish a physiological or skeletal age pattern based on one phase 
of bone development. 

The purpose of this study was to determine the normal pattern for the ossifi- 
cation of the ulnar epiphyseal cartilage in young dairy calves and to present data 
in which this method was compared with other commonly used methods for the 
detection of rickets. 


PROCEDURE 


X-ray photographs were obtained on 5 X 7 in. X-ray safety film. The film 
was placed in eassettes which were held with clamps and ringstand behind the 
distal end of the left ulna on the inner part of the leg at about a 50 to 60 degree 
angle from the anterior view with the calf in standing position. The X-ray tube 
was approximately 30 in. from the cassette at about a 60 to 75 degree angle with 
the anterior view. A photograph of this procedure is shown in Figure 1. A 
model F portable General Electric X-ray unit was used and exposure at 15 mv. 
varied from 1% to 1 seeond, depending on the size of the calf. The procedure 
was similar to that mentioned by Bechdel et al. (1) except that it was more satis- 
factory to hold the calves in a corner of the barn than to try to restrain them in 
a erate. X-ray photographs of small calves were obtained from the horizontal 
position with the left foreleg held above the cassette, which was on the floor, and 
the X-ray head above the leg at the appropriate angle and distance. 


To represent normal development in calves, X-ray photographs were taken 
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CARTILAGE WIDTH IN NORMAL AND RACHITIC CALVES 


Fig. 1. Position of apparatus for taking X-ray photograph. 


every 3 to 6 weeks during two alternate years on calves in the breeding herd and 
some normally-fed calves in the nutrition herd at Beltsville. 

The width of the epiphyseal cartilage was determined by measuring its width 
in millimeters with calipers or dividers at five equally spaced intervals across its 
diameter on the X-ray negative. The five values were averaged and used as the 
width of the ulnar epiphyseal cartilage for the calf at that particular age. Values 
smaller than 1.0 mm. were difficult to measure accurately, and the use of this 
measurement on animals over 8 months of age was impractical. A sketch of the 
parts of the leg in a typical X-ray photograph is shown in Figure 2. 

Regression coefficients were calculated between days of age and average 
cartilage width by means of the logarithm of average cartilage width at 10-day 
intervals of age from 0 to 240 days of age (3). 

Data on plasma calcium, serum phosphatase, and body weight gains, together 
with data on cartilage width, of calves fed dried beet pulp and grain with and 
without vitamin D are presented for comparative purposes. The care and pro- 
cedure used in raising these calves and some of the data have been described 
previously (4, 5, 6). 


RESULTS AND DISCUSSION 


The average ulnar epiphyseal cartilage width and its standard error for the 
two breeds and two sexes at monthly intervals are presented in Table 1. Data 
for the first month were divided into two intervals because of a more rapid 
ossification during this period. The number of calves observed is also given. 
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Fig. 2. A sketch of a typical X-ray photograph showing position of epiphyseal cartilage 
and other bones. 


In general, the epiphysis was wider in young male ealves than in female 
calves. The significance of these differences at the various ages is indicated 
toward the bottom of Table 1. Male calves usually showed a faster rate of ossi- 
fication than did female calves. A similar sex difference has been demonstrated 
in humans (2). 

The cartilage width of Holstein calves was greater than that of Jersey calves 
for the first 2 to 3 months of age. After this time the breed difference usually 
was not significant. 


A straight line was formed when logarithm of ulnar epiphyseal cartilage 
width was plotted against age of the calves. The formulas for ecaleulating ex- 
pected values for calves of both breeds and sexes are given at the bottom of 
Table 1, together with the standard error of estimates for Y. The regression 
coefficients were not significantly different when a covariance analysis (3) was 
applied to them, although the difference between the sexes approached signifi- 
eance. The correlation coefficients for Holstein females, Holstein males, Jersey 
females, and Jersey males were 0.99, 0.97, 0.98, and 0.98, respectively. 


The ulnar epiphyseal cartilage width of.calves of the same sex and breed 
that were born -in winter months was the same as that of calves born in the 
summer months and both were the same as calves born in the spring and autumn 
months. 


A comparison of the usual blood constituents employed in the detection or 
- study of rickets and the cartilage width in normal and rachitie calves is shown 
in Table 2. The significance of the differences between the two groups of calves 
at the various ages also is shown. 
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During the second month of life both blood calcium and phosphatase values 
indieated a difference between these two groups of calves at P = 0.02 and P = 
0.05, respectively. After 60 days of age a measure of cartilage width, plasma 
calcium, serum phosphatase, and relative rate of body weight gain all showed 
significant differences between these two groups of calves. With proper use and 
interpretation, our data indicate that values for calcium, phosphatase, and 
cartilage width have approximately equal ability to permit detection of rickets 
in young calves. 

An expression which would be of more definite help in the detection of rickets 
would be to observe two values at different times and express these values as a 
rate of change per unit time. For instance, the rate of ossification of the ulnar 
epiphyseal cartilage in microns per day for calves 2 and 3 months of age showed 
a significant difference {|P < 0.01 between the values for these two groups (+35 
and —17 »/day)|. Similar comparisons for blood calcium and _ phosphatase 
showed significant differences (P < 0.01) in rates of change for the two groups 
of calves. 

All these methods can be used to follow the rate of healing in rachitie animals. 
For example, a 4-month-old calf fed grain and whole milk beeame rachitie in 
late December. Analysis showed that plasma calcium was 7.7 mg.%; serum 
phosphatase was 20.4 Bodansky units, and cartilage width was 9.9 mm. The 
calf was given 10,000 I.U. of vitamin D per day plus some bone meal and was 
allowed access to sunshine. A month later the respective values were 10.5, 11.0, 
and 4.0. 

The X-ray method of detecting rickets has certain advantages over the chemi- 
cal methods that require access to a laboratory. It gives a permanent physical 
record that is not subject to error of determination. The general state of bone 
calcification also can be estimated from the roentgenogram. 

In contrast to blood data, where the values for the rachitic animal deviate 
from a stationary normal value, in the cartilage width method the normal value 
changes according to a definite pattern, whereas the cartilage width of rachitic 
animals remains more or less stationary. 


The establishment of normal cartilage development at various ages may prove 
useful also in certain physiological or skeletal age studies. The cartilage area of 


the ulna of calves is apparently the most satisfactory area for observation and 
measurement, since other cartilage areas are not wide and become ossified at an 
earlier age. In developing a physiological or skeletal age pattern in humans the 
use of ossification centers has been given more emphasis than the ankylosis of 
cartilage areas of the bones (2). In calves these ossification centers occur pre- 
partum and cannot be used for this purpose. It was noticed that the carpal 
bones, especially the accessory carpal, develop and enlarge during the first few 
months of life. Their development could be used to determine a physiological 
or skeletal age pattern, but it does not offer as satisfactory a method of measure- 
ment as does the ulnar epiphyseal cartilage width. 
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SUMMARY 


Observed values have been presented for the width of the epiphyseal cartilage 
of the ulna for Holstein and Jersey calves up to 240 days of age. It was wide in 
young calves and gradually became ossified or ‘‘closed’’ at about 8 months of 
age. Formulas were derived and presented from which expected values can be 
obtained at any given age. 

A significant difference in the cartilage width between breeds and sexes was 
found at certain ages. There was no seasonal trend or differences in these values 
for calves born in winter, summer, or spring and fall. 

Examples are given of the use of this technique in the detection of rickets, 
in which values for blood calcium and phosphatase were compared to cartilage 
width in normal and rachitie calves. 

The use of this technique to determine physiological or skeletal age in voung 
calves is indicated. 


REFERENCES 


BeEcHDEL, 8S. I., Hiuston, N. W., GuERRANT, N. B., AND DutcHER, R. A. The Vitamin D 
Requirement of Dairy Calves. Pa. Agr. Expt. Sta., Bull. 364. 1938. 

GREULICK, W. W., AND Pye, S. I. Radiographic Atlas of Skeletal Development of the 
Hand and Wrist. Stanford University Press, Stanford, Calif. 1950. 

SnepEcor, G. W. Statistical Methods. 4th ed. Iowa State College Press, Ames. 1946. 

Tuomas, J. W. The Use of X-Ray Photographs in the Detection of Rickets in Calves. 
BDIM-Inf-95. June, 1950. 

Tuomas, J. W. Antirachitie Activity of Some Dehydrated Alfalfa Hays and the Effeet 
of Adding Limestone to the Grain Ration on the Development of Rickets in Calves. 
J. Dairy Sei., 35: 1107. 1952. 

Tuomas, J. W., AND Moors, L. A. Factors Affecting the Antirachitie Activity of Alfalfa 
and Its Ability to Prevent Rickets in Young Calves. J. Dairy Sci., 34: 916. 1951. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


THE THYROXINE CONTENT OF THYROACTIVE IODINATED 
PROTEINS AS DETERMINED BY A RADIOACTIVE 
ISOTOPE DILUTION TECHNIQUE! 


E. P. REINEKE 
Department of Physiology and Pharmacology 
Michigan State College, East Lansing 


During recent years the effects produced by thyroactive iodinated proteins 
on milk secretion and associated processes have been investigated extensively, 
as indicated in the reviews by Blaxter et al. (1) and Sykes et al. (14). The 
physiological effects of such preparations have been attributed to their thyroxine 
content, and in facet thyroxine can be isolated from them readily subsequent to 
hydrolysis. However, there has been considerable question regarding the actual 
amount of thyroxine present. Bio-assays of iodinated proteins administered 
parenterally to guinea pigs yielded values that agreed within 10% with their 
apparent thyroxine content (13), as determined by a butanol extraction tech- 
nique. However, a much greater response to iodinated proteins than to com- 
parable doses of thyroxine is obtained in frog tadpoles (11), and a smaller 
response is obtained in assays by the goiter prevention method in rats (35) 
Because of these species idiosyncrasies there has been considerable question as 
to how closely the results of a biological assay of an iodinated protein will 
represent its true thyroxine content. In an earlier report (12) it was pointed 
out that the actual yield of thyroxine obtained by isolation is far below the 
values indicated by biological tests. More recently, it has been found by paper 
chromatography (3, 7) that hydrolyzates of iodinated proteins contain at least 
two iodinated butanol-soluble compounds (diiodothyronine and triiodothyronine ) 
in addition to thyroxine. These compounds would be included with the thy- 
roxine fraction in the n-butanol extraction technique for thyroxine analysis. 

In view of these considerations it was decided to employ a radioactive isotope 
dilution technique in an attempt to determine the true thyroxine content of 
thyroactive iodinated proteins. 


EXPERIMENTAL PROCEDURE 


Seven different lots of Protamone, a thyroactive iodinated casein containing 
n-butanol soluble iodine equivalent to approximately 3.0% thyroxine, were em- 
ployed in the series of analyses. 

Preparation of radioactive thyroxine. In the initial trials, radioactive thy- 
roxine was prepared by iodination of casein (11). Forty g. of casein were sus- 
pended in 1,400 ml. of distilled water, containing 10.0 g. of NaHCO, at 40° C. 
Approximately 2.5 me. Nal’*’ solution was placed in a test tube, and the iodine 
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was liberated by adding a erystal of KI plus an excess of KIO,, followed by 
three drops of glacial acetic acid. Concentrated NH,OH solution was then added 
until the iodine color disappeared. The radioactive solution was added to the 
previously prepared casein solution. The iodination was completed by adding, 
in small portions and with continual stirring, 7.4 g. of powdered I,. The 
temperature was then increased to 70° C., and the solution was maintained at 
this temperature, with constant stirring, for 20 hours. After recovery of the 
iodinated casein, radioactive thyroxine was isolated and purified as described 
by Reineke and Turner (72). In later work, radioactive thyroxine was formed 
by iodination of 3,5-diiodothyronine. The I'*' was released as already described 
and the remainder of the process conducted by the procedure of Borrows et al. 
(2). Purification was effected by first washing the crude thyroxine with several 
changes of absolute ethyl aleohol containing a few drops of glacial acetic acid 
and then reerystallizing alternately as the monosodium salt and the free com- 
pound as deseribed previously. After drying to constant weight in a desiccator 
at room temperature, a stock solution was prepared by dissolving a weighed 
quantity of radioactive thyroxine in an accurately determined volume of 70% 
alkaline aleohol, usually in a concentration of 1.0 mg. per milliliter. 

Stability of I'**-ladeled thyroxine during hydrolysis. The analytical pro- 
cedure devised depends on the extent of dilution of added radioactive thyroxine 
by the nonlabeled thyroxine isolated from hydrolyzates of iodinated protein. 

Inasmuch as it has been shown that under certain conditions iodine will 
exchange readily between iodide and thyroxine (4), it seemed essential to deter- 
mine whether exchange would oceur during the conditions of hydrolysis to be 
employed. 

One ml. of stock solution, containing 5.4 mg. of radiothyroxine, and 100 mg. 
of nonlabeled thyroxine were placed in a small boiling flask. To this were added 
21 mil. of distilled water, 10.6 g. Ba(OH), - 5H,O and 34 g. of KI. The mixture 
was refluxed for 20 hours in a boiling water bath. After cooling, the barium 
hydroxide was neutralized with dilute HCl and adjusted to pH 5.0. The pre- 
cipitate was recovered by centrifuging, dissolved in 25 ml. of N/,, NaOH solu- 
tion, heated to 90° C., and treated with 5.0 ml. of saturated Na,SO,. Further 
purification was effected by dissolving the precipitate in 2 ml. of boiling sodium 
carbonate solution and chilling it to crystallize the thyroxine as the monosodium 
salt. Finally, the thyroxine was dissolved in 70% alkaline alcohol and erystal- 
lized from the boiling solution by adding glacial acetic acid. The crystals were 
collected in a sintered filter and dried to constant weight. Radioactivity counts 
were made on weighed samples of the recovered thyroxine and compared with 
aliquots of the original radioactive stock solution. 

The results are summarized in Table 1. The actual recovery of thyroxine in 
the two samples was 78.2 and 79.7%. However, the radioactivity of the recovered 
thyroxine was 98.1 and 100.3% of what would be expected from the amount of 
labeled thyroxine included initially. From these results it is concluded that 
under the conditions of hydrolysis employed no significant exchange of iodine 
between thyroxine and iodide occurs. 
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TABLE 1 
Recovery of labeled thyroxine after refluxing in barium hydroxide solution 


Sample 1 Sample 2 


Radioactive thyroxine added (mg.) 
Total thyroxine added (mg.) 
Thyroxine recovered (mg.) 
Per cent recovery. 
Radioactive thyroxine counted (mg.) 
Counts per 
Recovered thyroxine counted (mg.) 

Counts per minute 

Expected count 

Per cent recovery 


Thyroxine determination. In most instanees 20 g. of iodinated casein was 
added to a hot solution containing 64 g. anhydrous Ba(OH), dissolved in 128 ml. 
of distilled water. The hydrolysis was conducted in a 250-ml. boiling flask, 
attached to a reflux condenser by means of a ground glass joint. After the 
mixture was boiling smoothly, radioactive thyroxine stock solution was added, 
the condenser was connected, and the mixture was boiled gently for 18 to 20 
hours. 


The thyroxine was isolated and purified as described earlier (12). It was then 
transferred to a tared, flat-bottomed Pyrex dish 22.0 mm. in diameter with the 
aid of distilled water, spread evenly over the bottom of the dish, dried to con- 
stant weight, and counted. Radioactivity counts were made with an end window 
G. M. tube connected to a laboratory scaler. Appropriate standards prepared 
from the same stock solution employed in the hydrolysis were placed on Pyrex 
dishes, dried, and counted with each series of determinations. The thyrexine 
content of the preparations was computed from the dilution of the radioactive 
thyroxine added during hydrolysis by nonradioactive thyroxine derived from 
the iodinated protein. The computation is that for simple isotope dilution as 
deseribed by Kamen (8). 


Thyroxine content of thyroactive iodinated casein. The results of analyses of 
seven different samples of Protamone are given in Table 2. The data listed under 
Stage 1 are the values obtained after the isolated thyroxine had been purified 
to the point where microscopic examination revealed a homogeneous crop of 
characteristic ‘‘wheat bundle’’ erystals. After drying, weighing, and counting 
at this stage, the thyroxine was purified by further reerystallization (Stage 2). 
Preparations No. 1 through 5 were recrystallized once from Na,CO, solution and 
onee from boiling 70% alkaline aleohol. Preparations 6 and 7 were reerystallized 
first from Na,CO.,, solution, and the crystals of the monosodium salt were washed 
four times with cold distilled water. After reerystallizing from hot alkaline 
aleohol they were washed again with three changes of cold distilled water and 
then crystallized alternately again from Na,CO, and hot alkaline alcohol. Finally, 
the samples were dried to constant weight and recounted. The lack of any 
significant change in computed thyroxine content at the two stages indicates 
that little further purification could be attained by the methods employed. The 
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TABLE 2 
Comparison of apparent and true thyroxine content of thyroactive iodinated casein 


Isotope dilution analysis” 


Thyrox- Thyroxine recovered Computed 
ine Labeled thy- thyroxine 
equiv. roxine added Stage 1 S ‘ content 
Prep. BuOH — 
No. xt. Mg. Sp. Act." Mg. Sp. Act. ; . Aet. 2 


(%) 


9.43 5.46 0.191 51.6 .206 1.30 1.20 
9.43 5.46 0.239 1.03 1.08 
9.43 5.46 28.: 2.227 24. 22 1.09 1.09 
9.43 5.46 0.263 2 22 0.93 
9.43 5.46 0.215 3 .202 1.15 1.23 
9.43 5.46 0.245 30.7 -226 1.00 1.09 
1.00 78.94 7 0.426 ‘ 37 0.92 1.04 
1.00 78.94 0.425 0.92 0.91 
7 78.94 0.455 3. 0.370 0.86 1.06 
Mean 3. 1.04 1.09 
Std. error ’ 0.049 0.033 


IN & Whore 


“Counts per mg. per second corrected for background and physical decay. 
» A 20-g. sample was analyzed in each ease. 


weighted mean true thyroxine content was 1.04 + 0.049 at Stage 1 and 1.09 + 
0.033% at Stage 2. This compares to an apparent thyroxine content of 3.24 + 
0.429% by the butanol extraction method. It is of interest that the true thyroxine 
shows less variability between preparations than does the n-butanol-extractable 
fraction. 

DISCUSSION 


The results obtained indicate that only about one-third of the apparent 
thyroxine content of iodinated casein, as determined by the method of Reineke 
et al. (13) is true thyroxine. Three principal sources of error could conceivably 
affect the results obtained by the isotope dilution method described in this report. 
If exchange were to occur between I'*' in the labeled thyroxine and iodide de- 
rived from the iodinated protein during the hydrolysis, very serious errors would 
result. The data presented in Table 1 indicate that no significant exchange 
oceurs under the conditions employed. If either the labeled thyroxine or the 
thyroxine isolated from the hydrolyzate contained a significant amount of con- 
taminants, errors would arise. In the first case the computed values would tend 
to be too low and in the second, too high. For this reason extreme care was 
taken in purifying the thyroxine at both of these stages. One-dimensional paper 
chromatograms run on some of the thyroxine isolated after hydrolysis indicated 
only one spot (Ninhydrin test), with no evidence of significant contaminants. 
It is probable that trace amounts of compounds similar to thyroxine in solubility 
were carried along in the purifications, but not in sufficient amounts to introduce 
a gross error. 

The average thyroxine value of 1.04% obtained in the present study com- 
pares with a maximum yield from a similar preparation by direct isolation (12) 
of 0.424%. Even though isolation of thyroxine entails substantial losses during 


as determined by n-butanol extraction and isotope dilution methods 

(%) 
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purification, Pitt-Rivers (9) has reported that the yields obtained on products 
of varying potency agree closely with their biological activity. As pointed out 
im the review by Pitt-Rivers (10), all of the analytical methods for thyroxine 
tack specificity when applied to iodinated proteins. The principal interfering 
substances for most of the methods appear to be diiodothyronire and triiodothy- 
ronine (2, 3). These are eliminated by fractional crystallization in the isotope 
dilution technique. 

inasmuch as triiodothyronine is reported to exert 3.5 times the thyroidal 
action of L-thyroxine (6), it does not seem valid to transpose the results of a 
chemical assay into expected biological poteney at the present time. However, 
if the results of Frieden and Winzler (5) are re-evaluated on the basis that only 
one-third of the n-butanol-soluble fraction from iodinated casein hydrolyzates 
represents true thyroxine, the biological potencies of thyroid powder and iodi- 
nated casein, relative to their thyroxine content, are brought into much closer 
agreement. 


SUMMARY 


A procedure is described for the determination of thyroxine in thyroactive 
iodinated proteins by an isotope dilution technique employing radioactive thy- 
roxine. It is shown that during hydrolysis in 46% barium hydroxide solution 
and subsequent isolation no significant exchange of iodine occurs between radio- 
active thyroxine and iodide. Analyses on seven different samples yielded an 
average true thyroxine value of 1.04 + 0.049%. The average apparent thyroxine 
content (n-butanol soluble fraction) was 3.24 + 0.429%. The ‘‘true’’ thyroxine 
thus comprised roughly one-third of the apparent thyroxine value. 
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THE EFFECTS OF VARIED RATES OF HAY FEEDING 
ON BODY WEIGHT AND PRODUCTION OF 
LACTATING DAIRY COWS' 


T. G. MARTIN, G. E. STODDARD,’ anv R. S. ALLEN 


Towa Agricultural Experiment Station, Ames 


Many levels of roughage feeding have been reported. Mead and Goss (10) 
reported that cows fed concentrates alone were more subject to bloat than 
animals fed hay plus concentrates, but otherwise the well-being of the animals 
was not affected. At the other extreme, Sherwood and Dean (15) observed that 
animals fed hay alone did not suffer harmful effects but produced less milk 
than cows given a supplement of grain. Smith ef al. (16) observed that cows 
fed hay alone did not produce as much milk as would be expected from the TDN 
(total digestible nutrient) evaluation of the ration. In a review, Huffman (4) 
stated that the quality and productive energy content of hays are highly variable 
and that hay does not always vield production results comparable to TDN 
content. Huffman and Dunean (5, 6,7, 8) and Huffman et al. (9) presented data 
indicating that various concentrate feeds, when substituted on an equal TDN 
basis for part of the hay in the ration of a lactating cow previously fed alfalfa 
hay alone, caused increased milk production. As a result of these findings, it 
was postulated that unknown milk production factors which caused increased 
production were present in the concentrate material. 

Moore et al. (11) and Saarinen et al. (14) have suggested that the increased 
production attributable to substitution of grain for hay on an equal TDN 
basis can be accounted for by an increased productive energy or net energy 
content of the ration. Davis et al. (2) attributed the observed increased pro- 
duction to increased productive energy content of the ration rather than to 
‘*ynidentified factors. ’’ 

The reports cited above have, for the most part, centered around the study of 
hay-grain replacement at high and low levels of hay feeding. The experiment 
reported here was designed to determine whether or not varying the rate of hay 
feeding within normal limits while maintaining a constant TDN intake has an 
effect on the level of production or the well-being of the animals. 


EXPERIMENTAL PROCEDURE 


Twenty Holstein cows were used in two trials to evaluate four levels of 
alfalfa hay feeding. Rates of hay feeding were established at 0.50, 1.17, 1.83, 
and 2.50 lb. of hay daily per 100 lb. body weight and were designated rations 
A, B, C, and D, respectively. During a 2-week preliminary period, all cows were 
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fed hay at the daily rate of 2 lb. per 100 lb. body weight. Rate of concentrate 
feeding during the preliminary period was established at a level sufficient to 
supply 100° of Morrison’s (12) recommended levels for average production 
and maintenance of each cow. In order to have most of the cows at the peak or 
in the declining phase of lactation, no cow was placed on the preliminary period 
of the experiment less than 30 days after freshening. The range of days after 
freshening was from 30 to 139. 

Initial ration caleulation for the experimental period was based on the level 
of production and average weight during the preliminary period. Thereafter, 
concentrate allowance was reduced at the monthly rate of 6% of total TDN 
allowance for milk production. The reduction was calculated at the end of each 
4-week period in the continuous trial and at the end of each 3-week period on 
the crossover trial. The above rate of reduction was in accordance with the 
findings of Gaines (3). Hay was fed at the assigned level and was supplemented 
by sufficient concentrate mixture to supply total TDN (from hay and coneen- 
trates) at 100% of Morrison’s recommended levels. Composition of the concen- 
trate mixture was: ground corn, 50 parts; ground oats, 35 parts; soybean oil 
meal, 15 parts; steamed bone meal, 2 parts; and salt, 1 part. The hay had an 
average proximate analysis of: fiber, 30.3%; protein, 11.7%; ether extract, 
1.5% ; ash, 6.0% ; nitrogen-free extract, 35.3% ; and moisture, 15.2%. 

TDN contents of the concentrate mixture and of the hay were caleulated 
from proximate feed analyses made during the course of this experiment and 
digestibility coefficients taken from Morrison. Values caleulated in the above 
manner varied considerably from average values presented by Morrison. How- 
ever, adjustment of the ecaleulated values to the moisture content of the com- 
parable feeds listed by Morrison brought the estimates and Morrison’s values 
into very close agreement. ENE (estimated net energy) value of the concentrate 
mixture and hay was computed by adjusting Morrison’s ENE values to the 
moisture content of the feeds used in this study. 

The 20 cows used in these trials were divided into five groups according to 
freshening date so that the stage of lactation of the four cows in each group was 
as uniform as possible. One group of four cows was assigned to a 4 < 4 Latin- 
square design trial wherein each cow received each ration during one of the 
four 3-week periods and no one ration appeared more than once during any 
given period. This trial was designated the crossover trial. One cow from each 
of the remaining four groups was assigned to each of the four rations and all 
cows were maintained on the assigned ration for a 16-week period. This 'trial 
was designated as the continuous feeding trial. 

Cows were weighed once weekly and also on three consecutive days when 
an animal was changed from one ration to another and when placed on or taken 
off experiment. Daily milk weights were reeorded for all cows and milk-fat 
analyses were obtained weekly and bi-weekly for cows assigned to the crossover 
and continuous trials, respectively. Milk production data were converted to 
FCM (4% fat-corrected values). 

Protein and dry matter digestibilities were determined by the chromogen 
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method of Reid et al. (13). Grab samples of feces were collected daily for 
periods of at least 2 days. Computation of approximate digestibility values 
was based on average analytical data for samples collected in each period. 
Samples were collected during each period from each cow on the crossover trial 
and in the fourth month of the experimental period from each cow on the con- 
tinuous trial. Dry matter and protein analyses were determined by A.O.A.C. 
methods (7). Reliability of the digestibility data is somewhat limited by the 
fact that the chromogen content of the alfalfa hay was based on a limited number 
of analyses. 

Statistical treatment of the data was accomplished by methods described by 
Snedecor (17). 


RESULTS AND DISCUSSION 


Body weights of cows on the crossover trial were variable and followed no 
set pattern. An analysis of variance of these data revealed no significant effect 
of ration on body weight. In the same trial, milk production (FCM) tended to 
decrease as rate of hay feeding increased. The actual data are presented in Table 
1 and the analysis of variance in Table 2. The significant effect of rations on 


TABLE 1 
Average daily FCM produced by cows on the crossover trial 
Cow No. 
Period 
Period 3142 2956 3129 2963 Av. 
Preliminary 38.9 40.7 49.0 48.1 44.2 
D 
I 37.5 32.6 42.1 42.7 38.7 
B A D Cc 
II 33.4 32.8 36.5 40.2 35.7 
Cc B A D 
III 27.8 29.2 39.7 32.0 32.2 
D Cc B A 
IV 26.9 27.6 36.6 37.1 32.1 
Cow av. (expt. per. only) 31.4 30.6 38.7 38.0 
A B C D 
Ration average 36.8 35.5 34.4 32.0 


* Rates of hay feeding on the various rations were: A, 0.50; B, 1.17; ©, 1.83; and D, 2.50 
lb. hay per ewt. body weight daily. < 


TABLE 2 

Analysis of variance of milk production data in crossover trial 
Source of Degrees of 
variance freedom Mean squares F 
Cows 3 73.67 
Periods 3 40.67 
Rations 3 16.33 13.06** 
Error 6 1.25 


** P= 60.01 
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milk production is subject to some question, inasmuch as ration caleulation was 
based on a TDN evaluation of hay which was analyzed at the beginning of the 
experiment. It was found, however, that hay samples collected during the trial 
had lower TDN values. Thus, the analyses of all hay samples were averaged 
and the mean TDN value was used in computing TDN available for milk pro- 
duction by the following formula : 

Available TDN = total TDN — (maintenance TDN + feed refusal TDN). 
ENE available for production was computed in a like manner. Interpretations 
presented in this report were based on the available TDN and ENE values. 

It seemed reasonable that the decline of milk production as hay was increased 
should be correlated with the decline of TDN intake (crossover trial section of 
Table 3). An analysis of covariance was computed wherein the milk production 
values were adjusted to a common level of TDN. Adjusted ration averages 


TABLE 3 
Average TDN and ENE (available for production) values 
Ration * 
Energy 
Trial measure A B Cc D 

Crossover TDN” 13.34 13.05 12.84 12.45 
ENE‘ 14.58 13.74 12.99 12.04 
Continuous TDN 12.54 11.67 11.51 12.79 
ENE 13.72 12.30 11.62 12.44 


"Rates of hay feeding on the various rations were: A, 0.50; B, 1.17; C, 1.83; and D, 2.50 
Ib. hay per ewt. body weight, daily. 

» Average lb. per day per cow. 

“ Average therms per day per cow. 


ranged from 34.5 to 34.8 lb. FCM per day, and there was no significant effect of 
ration on milk production. The result of this test of significance would infer 
that, had the rations actually been calculated on a constant TDN basis. there 
would have been no significant ration effects on milk production. A similar 
adjustment to a common ENE basis also removed the significant effect of rations 
on milk production. 

The continuous trial was divided into four periods of 4 weeks each, and the 
weight change data were analyzed in each period separately as well as over the 
entire 16-week period. No significant differences among rations were found. 

Since cows were assigned to groups according to stage of lactation, the range 
of producing ability was large both in group and in ration elassifications. As a 
result, the analysis of variance of milk production data, which are summarized 
in top section of Table 4, did not yield any significant effeets of ration on milk 
production. Because of the fact that production in the preliminary period was 
highly correlated with production during the experimental period (see Table 5). 
the removal of cow differences by adjusting the experimental period data to a 
common preliminary period level of production seemed justified. The adjusted 
ration averages are presented in the center section of Table 4. Tests of signifi- 
cance were made by analysis of covariance and a significant (P = 0.05) effect of 
ration on milk production was found in the first 4-week period and in the entire 
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TABLE 4 
Average daily FCM produced by cows on the continuous trial 
Period ‘ 
Type — Ration 

observation Ration* I Il III IV Av. 
Actual A 38.2 36.8 31.0 33.9" 33.5 
production B 36.1 33.0 31.3 29.2 32.5 
FCM Cc 34.8 29.5 274 - 25.3 29.2 
D 34.4 31.1 29.7 26.6 30.4 

Period Av. 35.9 32.6 29.8 27.2 
FCM A 29.1 37.7 31.9 28.5 34.4 
adjusted ° B 37.9 34.9 33.1 30.6 34.2 
for variation Cc 35.0 29.7 27.6 25.4 29.4 
in preliminary D 31.4 28.0 26.6 24.2 27.4 

period prod." Period Av. 35.8 32.6 29.8 27.9 
FCM A 37.2 36.0 29.6 26.5 32.5 
adjusted * for B 37.1 34.3 32.8 30.2 33.6 
variation of Cc 36.2 31.2 28.6 25.5 30.8 
TDN available D 33.0 27.1 27.6 26.1 28.8 

for prod. Period Avy. 35.9 32.2 29.7 27.1 


* Rates of hay feeding on the various rations were: A, 0.50; B, 1.17; C, 1.83; and D, 2.50 
lb. hay per ewt. body weight daily. 

» Average of only 3 observations. 

© Adjustments based on regressions of FCM on preliminary period production and TDN 
available for production, respectively. Ration averages and period averages adjusted inde- 
pendently. 

“ Average daily preliminary period production (lb. FCM) of cows placed on various rations 
was: A, 39.5; B, 38.4; C, 40.4; D, 44.3. 


TABLE 5 


Correlations* of average daily FCM production, preliminary period production, 
and TDN available for milk production during experimental periods 


Period 
Entire 
Correlation I II III IV expt. period 
FCM and prelim. prod. 0.958 0.874 0.895 0.930 0.930 
FCM and TDN 0.920 0.874 0.896 0.893 0.908 
TDN and prelim. prod. 0.963 0.959 0.956 0.963 0.964 


* Correlations computed from error sums of squares and crossproducts. 


experimental period. There was no significant effect of ration on production 
during the second, third and fourth 4-week periods. 

Adjustment for preliminary period production did not correct the effect of 
declining TDN as hay content of the ration increased. Since ration calculation 
was based on preliminary period production, TDN available for production was 
highly correlated (see Table 5) with preliminary period production. Therefore, 
adjustment of milk production data to a common level of TDN available for milk 
production (continuous trial ration averages in Table 3) largely corrected for 
variability of producing ability of cows as well as variability of TDN available 
for milk production. Ration averages adjusted in this manner are shown in the 
bottom section of Table 4. There were no significant effects of ration on milk 
production when all rations were on a common TDN basis. Adjustment to a 
common level of ENE available for milk production yielded similar results. 

Since the reliability of the digestibility data was subject to some question, no 
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attempt was made to correlate digestion of nutrients with level of production or 
weight gain or loss. The relationship of digestibility to per cent hay in the ration, 
though not surprising, seemed interesting. Regression equations of the lines 
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Fig. 1. Distribution and regressions of dry-matter and protein digestibility data relative to 
per cent hay in the ration. 


shown in Figure 1 are: Y = 82.9 — 0.35 X and ¥ = 82.2 — 0.38 X for protein 
and dry matter digestibilities, respectively, where Y = per cent digestibility and 
XY = per cent hay in the ration. 

The coefficient of correlation of dry matter digestibility with per cent hay in 
the ration was 0.82 in both trials and in the pooled data. The coefficients of corre- 
lation of protein digestibility with per cent hay in the ration were 0.82 and 0.71 
in the crossover and continuous trials, respectively, and 0.71 when both trials 
were pooled. 

Inasmuch as both TDN and ENE (available for milk production) values were 
computed in the course of analyzing these data, it seemed of interest to know 
(a) to what degree they were correlated with milk production, (b) whether or 
not one was a more consistent estimator of the value of a ration over a wide 
range of hay: concentrate ratios, and (c) whether or not weight change was 
correlated with either milk production or efficiency of production. 

In order to get as many observations as possible to study the above questions, 
all data from both trials and the preliminary period were considered. TDN 
and ENE (available for milk production) were highly correlated with milk pro- 
duetion, the correlation coefficients being 0.941 and 0.942, respectively. 

An index to efficiency of a ration was considered to be lb. milk per lb. TDN 
or lb. milk per therm ENE. If either TDN or ENE could be considered a con- 
sistent estimator of the value of a ration, the regression of the efficiency index 
of that estimator on the per cent hay in the ration should be nonsignificant. 
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Computation of these regressions on the total data and on each trial separately 
yielded no consistent pattern. It appeared, however, that ENE was somewhat 
more consistent as an estimator of the value of a ration over a wide range of 
hay :coneentrate ratios. 

Correlation of weight change and milk production was nonsignificant and 
near zero. Correlation of weight change and efficiency of milk production (based 
on either index) was also nonsignificant and near zero. 


SUMMARY 


Twenty lactating Holstein cows were used in two trials to test the effects of 
feeding hay at levels of 0.50, 1.17, 1.83, and 2.50 Ib. per 100 Ib. body weight. 

There were no significant effects of level of hay feeding on body weight 
change. If TDN or ENE was held constant, there were no significant effects of 
level of hay feeding on milk production. 

Body weight change was not correlated with either milk production or effi- 
ciency of production. TDN available for milk production was highly correlated 
with milk production (coefficient of correlation 0.941). ENE available for milk 
production had a coefficient of correlation of 0.942 with milk production. 

Based on this experiment, neither TDN nor ENE could definitely be said 
to be superior to the other as an estimator of the worth of a ration, though ENE 
did seem to be somewhat more consistent over a wide range of hay : concentrate 
ratios. 

Both protein and dry matter digestibility values declined as hay content of 
the ration increased. 
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SOME FACTORS AFFECTING THE ACTION OF BENZOYL PEROXIDE 
IN THE BLEACHING OF MILK AND CREAM FOR 
BLUE CHEESE MANUFACTURE! ? 


S. KURAMOTO anv J. J. JEZESKI 


Department of Dairy Husbandry, University of Minnesota, St. Paul 


The color of the curd of blue-veined cheese will vary depending on the season 
of manufacture. Cheese made during the winter months will have a light back- 
ground color similar to Roquefort, whereas cheese manufactured during summer 
months will exhibit a yellowish color because of the higher level of carotene in 
the fat. Federal food and drug regulations (2) permit the use of benzoyl 
peroxide for the purpose of bleaching milk for the manufacture of certain types 
of cheese; and since it is desirable to maintain the light color similar to Roque- 
fort cheese, bleaching with benzoyl peroxide affords a possible means of effee- 
tively destroying the carotenoid pigments of milk and controlling the color of 
the cheese. 

Very little information is available in the literature either as to the factors 
affecting the bleaching of the carotenoid pigments of milk or possible defects 
that may arise through the use of benzoyl peroxide. Hunziker (3) has cited an 
incident where benzoyl peroxide was used in bleaching cream for butter making. 
Although no references were presented, he claimed that the destructive effect 
of this peroxide on the glycerides and vitamin A prevented its widespread use 
in the manufacture of a light-colored butter. Other information available deals 
with the use of benzoyl peroxide in the bleaching of flour and also in the chemical 
decolorization of inedible fats and tallows. 

This study was undertaken to investigate some of the factors involved in the 
bleaching of the carotenoid pigments of milk by the use of benzoyl peroxide. The 
effect of bleaching time, temperature, and concentration of bleaching agent were 
studied to establish some conditions under which milk may be processed for Blue 
cheese manufacture. 


METHODS 


The benzoyl! peroxide used is marketed under the trade name of ‘‘ Novadelox,’’ 
a product more commonly used in the bleaching of flour. Because of the explo- 
siveness of the reagent, it is compounded with CaSO, and MgCO., which make it 
a relatively safe compound of low heat sensitivity and one that will not cake 
when stored. The active peroxide in this produet comprises 16% of the total 
weight of powder. 
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In the bleaching process, the milk was treated as follows: 

1. The milk was first separated to produce cream containing 30% fat, unless 
otherwise stipulated. 

2. After preheating the milk or cream to the desired temperature, an aqueous 
10% suspension of Novadelox was added, the amount being ecaleulated on a 
weight basis of the concentration of active benzoyl peroxide desired in 4% milk. 

3. The cream was bleached at temperatures ranging from 125 to 185° F. for 
periods up to 4 hours with concentrations of 0.00045, 0.0009, and 0.0018% ben- 
zoyl peroxide. 

Carotenoid and vitamin A determinations were made by the spectrophoto- 
metric method of Boyer et al. (1). Carotene was determined first from a petro- 
leum ether extraction of the unsaponifiable fraction of milk, and vitamin A by 
the Carr-Price reaction with SbCl,. A differential carotenoid separation was not 
performed ; consequently total carotenoid values are reported. Carotenoid values 
were obtained from a standard curve obtained with erystalline a, 8, carotene. 
Vitamin A values were obtained similarly with crystalline vitamin A alcohol as 
a reference. Vitamin A and carotenoid values are expressed in terms of Inter- 
national Units (1.U.) per pound of fat. One I.U. was taken as being equivalent 
to 0.3 and 0.6y of vitamin A and carotene, respectively. Flavor scores were 
determined organoleptically by three experienced judges, and particular atten- 
tion was directed toward oxidized and tallowy flavors resulting from the bleach- 
ing process. 

RESULTS 


Bleaching cream with benzoyl peroxide did not appear to have an appreciable 
effect on the vitamin A content of butterfat even though bleaching of the carote- 
noid pigments was observed. Figure 1 presents the carotenoid and vitamin A 
values obtained when cream was bleached at temperatures of 125° and 145° F. 
for periods up to 4 hours and at a benzoyl peroxide concentration of 0.0009%. 
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Fic. 1. Vitamin A and carotenoid values of 30% cream bleached over a period of 4 hours 
at 125° and 145° F. with 0.0009% benzoy] peroxide. 
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Fig. 2. The influence of concentration of bleaching agent and bleaching time on the per- 
centage loss of carotenoids in cream bleached at 125° and 165° F. 


Figure 2 shows the percentage loss of carotenoids as a function of time. It 
is apparent that temperature affects the rate of carotenoid loss, since at 125° F. 
carotenoid losses did not reach maximum values until after 2 to 3 hours, whereas 
at 165° F. bleaching was much faster and maximum loss was reached at the end 
of 1 hour. An inerease in temperature did not markedly affeet the total per- 
centage loss of carotenoids. In general, at the two temperatures used, maximum 
carotenoid destruction of approximately 35, 50, and 75% resulted when 0.00045, 
0.0009, and 0.0018% benzoyl peroxide concentrations were used, respectively. It 
was significant that irrespective of the initial carotenoid content of cream prior 
to bleaching, the percentage loss of carotenoids at a given concentration of ben- 
zoyl peroxide was constant. Whereas increases in temperature hastened the 
relative rate of carotenoid destruction, total percentage loss of milk carotenoids 
appeared to be controlled by the concentration of benzoyl peroxide used. 

In all cases where 0.0018% benzoyl peroxide was used, oxidized and tallowy 
flavors resulted. Despite the excellent carotenoid destruction observed with 
0.0018% of the reagent, the development of the tallowy flavors indicated that 
this concentration was excessive at all temperatures studied. Bleaching tempera- 
tures of 165° and 185° F. were investigated, but the development of intense 
cooked and scorched flavors with all concentrations of benzoyl peroxide tested 
made those temperatures undesirable. 

Bleaching cream at temperatures of 125° and 145° F. resulted in the produe- 
tion of least off-flavors. However, the use of 0.00045% benzoyl peroxide at these 
latter temperatures produced somewhat ineffective bleaching, as only about 30% 
destruction of carotenoids was observed. The use of 0.0009% peroxide at tem- 
peratures of 125° and 145° F. for periods of up to 2 hours gave the most efficient 
bleaching from the over-all standpoint of carotenoid destruction and minimum 
development of undesirable flavors. Table 1 presents the oxidized flavor intensi- 
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TABLE 1 


Oxidized flavor intensity in cream bleached at 125° and 145° F. 
with 0.0009 and 0.0018% benzoyl peroxide 


125° F. 145° F. 
Time 0.0009% 0.0018% 0.0009% 0.0018% 
(hr.) 
% + ++ ++ ++ 
++ ++ +4 
% + ++ +++ + 


Key: + slight oxidized; ++ oxidized; +++ strong oxidized; ++++ tallowy. 


ties of cream bleached at 125° and 145° F. when 0.0009% and 0.0018% benzoyl 
peroxide were used. At 125° F. and with 0.0009% reagent, off-flavors of mild 
intensity were observed early in the bleaching period but disappeared on con- 
tinued heat exposure. These were rather atypical flavors possessing a ‘‘nutty’’ 
characteristic which was thought to be due to the unexpended peroxide. 

A greater percentage of carotenoid loss was observed when the fat percentage 
of samples was increased (Figure 3). Maximum values of about 78, 50, 38, and 
15% earotenoid destruction occurred when samples containing 50, 30, 10, and 
4.5% butterfat, respectively, were bleached. One might expect no change in 
bleaching action between high and low fat samples since the ratio of fat to ben- 
zoyl peroxide was the same in all cases. If one considers that the reagent be- 
comes entirely dissolved in the fat, then the fat percentage of the cream should 
not affect the extent of bleaching. However, if the reagent remains suspended in 
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Fig. 3. The relationship between the percentage of carotenoid loss, time, and the fat content 
of the sample being bleached at 165° F. with 0.0009% benzoy] peroxide. 
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TEMPERATURE °F. 


Fic. 4. The time-temperature relationship to produce 50% carotenoid loss in 30% cream 
with 0.0009% benzoy] peroxide. 


the skimmilk, the relative concentration of bleaching agent increases as the fat 
percentage rises. It was apparent that the cream with a higher fat test was 
bleached to a greater extent. This might be taken as evidence that the reagent 
may not have been dissolved completely in the fat. 

Fifty per cent carotenoid loss in summer milk was assumed to result in a 
level of carotene comparable to winter milk (4, 5). Figure 4 shows the relation- 
ship between time and temperature required to attain a 50% carotenoid loss 
when 0.0009% benzoyl peroxide was used. The regression line representing the 
various time and temperature requirements for 50% carotenoid loss was the 
result of a statistical analysis of the data. This line indicates that, when using 
0.0009% benzoyl peroxide, times from 45 minutes at 185° F. to 120 minutes at 
125° F. were adequate in attaining 50% carotenoid loss. 


DISCUSSION 


Federal regulations permitting the use of benzoyl peroxide stipulate that 
the weight of the benzoyl peroxide used should not be more than 0.002% by 
weight of the milk being bleached. Furthermore, if milk is bleached in this 
manner, vitamin A must be added to the milk to compensate for the vitamin A 
or its precursor that may be destroyed during the bleaching process. 

Apparently benzoyl peroxide was unable to destroy the vitamin A, since even 
under relatively vigorous conditions, no significant loss in vitamin A was ob- 
served. One would expect significant oxidation of the unsaturated vitamin A to 
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result from the action of an oxidizing agent such as benzoyl peroxide. In this 
respect, the differential destruction of assayable carotenoids and the relative 
ineffectiveness of the reagent toward the vitamin A was a curious phenomenon. 
Under certain conditions, there was some indication of a slight, but unexplain- 
able, increase in vitamin A as the carotenoids disappeared. 

It has been shown that bleaching can be performed efficiently under condi- 
tions that will prevent development of highly undesirable flavors in cream. Under 
certain times and temperatures of processing and keeping within the concentra- 
tion limits prescribed by federal regulations, milk of acceptable quality for 
cheese making was found to result. 

In order to attain a color of milk comparable to winter conditions, 50% 
carotenoid destruction was taken as an arbitrary end point to which bleaching 
should be carried. Time, temperature, and concentration interrelationships were 
found to exist. Temperatures from 125° to 145° F., benzoyl peroxide concentra- 
tions of 0.0009'%, and bleaching periods from 1 to 2 hours were found to be 
adequate in obtaining the desired carotenoid destruction. Under these condi- 
tions, prolonged bleaching up to 2 hours appeared to improve the flavor without 
the concurrent development of undesirable oxidized and tallowy flavors. How- 
ever, the development of oxidized flavors of mild intensity may not necessarily 
be detrimental, since these flavors apparently do not carry over into Blue cheese 
or else are masked by the more pungent fiavors of the saturated short chain 
fatty acid compounds produced during the ripening process. 


SUMMARY 


Milk for Blue cheese manufacture may be bleached with benzoyl peroxide 
under conditions that will prevent the development of highly undesirable flavors. 
Using 50% carotenoid loss as an end point, cream treated at 125° and 145° F. 
with 0.0009% benzoyl peroxide for 90 to 120 minutes was sufficiently bleached, 
without the formation of objectionable oxidized and tallowy flavors. More efficient 
carotenoid decolorization could be effected by using cream with a higher fat 
content. Regardless of the original carotenoid level of raw cream, similar pro- 
portions of carotenoids were destroyed when a given concentration of benzoyl 


peroxide was used. 
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Warnick Addresses Illinois Farmers 


M. M. Warvyick, president of A.D.A., was 
the main speaker at the annual University of 
Illinois Dairy Day held on the Urbana campus 
Sept. 9. Mr. Warnick explained how A.D.A. is 
spending the money being raised by the dairy 
farmers in 43 states for advertising, merchan- 
dising, public relations, and research, all pointed 
in the direction of increased sales of milk and 
its products on a more profitable basis for the 
farmer. He emphasized the fact that A.D.A. 
does not operate in the field of legislation. 

By this fall, A.D.A. will be advertising the 
dairy industry before an audience of 50 million 
people every week. Backing this up will be in- 
store merchandising, research on new products 
and on the condition of the dairy foods market, 
and public relations through magazines, news- 
papers, radio, and television. The whole adver- 
tising program is geared to the central idea, 
“you never out-grow your need for milk” and 
“drink three glasses daily.” 

Mr. Warnick emphasized the fact that dairy 
farming today is big business and isn’t merely 
eking out an existence by milking a few cows 
as in past years. 


Grassland Farming 


A program on Grassland Farming sponsored 
by the Joint Committee on Grassland Farming 
and the Soil Conservation Society of America 
will be held at Jacksonville, Fla., Nov. 13-14, 
1954. On Nov. 13, tours will be made to farms 
near Jacksonville, where different systems of 
grassland farming will be studied. The follow- 
ing program has been planned for Nov. 14. 


Day Length and Crop Production—H. A. 
Bortuwick, USDA, Beltsville, Md. 


Potentialities of Coastal Plain Grasslands 
with Heavy Fertilization—G. W. Burton, 
Georgia Coastal Plain Experiment Station 
and Univ. of Georgia, Tifton. 

Lessons from Pasture Studies in Florida, 
Iowa, and Kansas (Tentative title) —G. B. 
Kiuuincer, Univ. of Florida, Gainesville. 

Trace Elements in Animal Nutrition in Flor- 
ida—G. K. Davis, Univ. of Florida, Gaines- 
ville. 

Year-Round Forage Program for Georgia— 
B. H. Henpricxson, Soil Conservation 
Service, Watkinsville, Ga. 
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The Range Cattle Industry in Florida—W. 
G. Kirk, Univ. of Florida Experiment 
Station, Ona. 


The Dairy Industry of the South—HermMan 
Boyp, president, Florida Dairy Associa- 
tion, Holl and Boyd Dairy Farms, Ine., 
Miami. 


The Future of Beet Cattle Industry in the 
South (Tentative title)—IrLo Bronson, 
Kissimmee, Fla., formerly president, Flor- 
ida Cattlemen’s Assoe., state senator, and 
cattle rancher. 


Kentucky Events 


The annual Univ. of Kentucky Animal Nutri- 
tion Conference is scheduled for Sept. 30 and 
Oct. 1, 1954. This conference is presented each 
year by the Departments of Animal Husbandry, 
Poultry Husbandry, Dairy Husbandry, and 
Feeds and Fertilizer. The meeting is especially 
for those interested in the manufacture, mixing, 
sale, and use of commercial feeds. An out- 
standing panel of off-campus speakers will 
assist the Univ. of Kentucky staff members in 
presenting new information regarding livestock 
feeds and feeding practices. 


Kentucky dairymen in a_ referendum on 
August 21 rejected a program for a compulsory 
12-month set-aside to promote the sale of dairy 
products. The program was to be administrated 
under a Dairy Commission consisting of six 
members vested by law with the authority to 
assess not to exceed 2 cents per hundred pounds 
of milk or % cent per pound of butterfat. 
Funds thus raised were to be used to stimulate 
research, advertising and merchandising of 
dairy products. The vote was close, with those 
opposed holding an advantage of about 10% 
in the ballots cast. As a result of the vote it is 
probable that Kentucky will continue on a 
voluntary -60-day set-aside for the A.D.A. pro- 
gram. 


L. A. RicHarpson, who received a Master’s 
degree from the Univ. of Kentucky in August, 
has been appointed to fill a newly created posi- 
tion in the Agricultural Experiment Station. 
In his position as assistant in dairy technology 
he will devote his time principally to research 
in the field of cream quality improvement. 
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Preliminary plans for the 2nd Annual Dairy 
Manufacturing Short Course at the Univ. of 
Kentucky are taking form. The Dairy Prod- 
ucts Association of Kentucky again will co. 
sponsor this educational project. Dates selected 
are Nov. 9 and 10. 


J. A. Taytor, who was granted a Master’s 
degree at the Univ. of Kentucky in June, 1954, 
is now teaching dairying and managing the 
college dairy farm at Eastern State College, 


Richmond, Ky. 


T. W. Denton, who also received a Master’s 
degree at the Univ. of Kentucky in June, 1954, 
has been granted a research assistantship at 
North Carolina State College. 


C. L. Davis is now filling a staff appointment 
at U. K. as Assistant in Dairying. The appoint- 
ment was effective June 1, 1954. 


The following men are graduate students in 
dairy production at the University of Ken- 
tucky: 

L. D. Brown and Maurice Coie, graduates 
of Western State College, Bowling Green, Ky. 

G. F. Fries, B.S., Washington State College, 
Pullman. 

J. W. Rust, B.S., Univ. of Kentucky. Mr. 
Rust is also superintendent of the Dairy Center 
(the U. K. dairy cattle unit). 


Oregon to Hold Annual Meeting 


The 44th annual Dairy Industries Short 
Course and convention will be held at Oregon 
State College, Corvallis, Feb. 14-17, 1955. Sev- 
eral top-flight men from different parts of the 
United States will appear on the program. 
H. B. Henperson, head of the Dairy Depart- 
ment, Univ. of Georgia, will be one of the visit- 
ing instructors. The last day will be devoted to 
discussions on merchandising and selling dairy 
products. The main speaker at the annual ban- 
quet of the Oregon Dairy Industries Assoc. on 
Feb. 17, will be RicHarp WerRNER, executive 
director, Milk Industry Foundation, Washing- 
ton, D. C. 


Turk in Philippines 


K. L. Turk, head of the Animal Husbandry 
Department at Cornell Univ., left Ithaca Sept. 
13 for a year’s work at the College of Agricul- 
ture of the Univ. of the Philippines at Los 
Banos. Mrs. Turk accompanied him. 

The Cornell scientist will continue the studies 
in animal nutrition, breeding, and other live- 
stock research begun by J. K. Loosii, who is 
returning to the Department of Animal Hus- 
bandry after a year at Los Banos. This re- 
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search is intended to increase and improve the 
quality of livestock in the Philippines. Pro- 
fessor Turk will assist also in the development 
of the teaching program and with other staff 
members promote closer relations between the 
College and industries in the Philippines in an 
effort to obtain financial aid for agricultural 
research, 


The first contract between Cornell Univ. and 
the Univ. of the Philippines was signed in 1952 
and has been renewed this year for three more 
years. Under this contract a staff of specialists, 
mainly from Cornell, is sent to the College of 
Agriculture at Los Banos. The program is 
financed largely by the Foreign Operations 
Administration, supplemented by funds from 
the Philippine government. Under the new 
contract, the staff of American specialists has 
been increased from 10 to 14. 


W. H. E. Reid Returns from 
European Trip 


W. H. E. Rep of the Univ. of Missouri has 
returned from a 6-week trip to Europe, where 
he studied dairy operations. He was accom- 
panied on the trip by Mrs. Reid. Professor 
Reid reports that most of the countries visited 
were unusually cool and rainy this summer. 


Coulters to Take Trip Around the World 


Dr. and Mrs. 8. T. Couurer sailed Sept. 25 
for France on a trip that will take them around 
the world. On Oct. 10-18 Dr. Coulter will par- 
ticipate in a seminar on “Milk in Warm Coun- 
tries,” to be held at Amalfi, Italy. This seminar 
is sponsored jointly by the Intern. Dairy Fed- 
eration and the Food and Agriculture Organi- 
zation of the United Nations. 

In addition, Dr. Coulter will attend the train- 
ing center on Milk Production Processing and 
Distribution to be held at the Aarey Milk Col- 
ony, Bombay, India, from Oct. 24 to Nov. 20. 
This meeting is sponsored by the Food and 
Agricuiture Organization of the United Na- 
tions. The Coulters plan to complete their trip 
around the world from Bombay. 


Rhode Island News 


G. K. Witpes, Univ. of Rhode Island gradu- 
ate, was employed as instructor and superin- 
tendent of the Univ. Dairy Farm, July 1, 1954. 
He replaced FREDERICK WARREN, who accepted 
a position with the Hoffman-LaRoche Chemical 
Co. of New Jersey as a research farm manager. 


R. M. Parry, D.V.M., was employed as lee- 
turer in dairy products work. Dr. Parry is at 
present directing graduate studies in dairy 
products chiefly concerned with quality milk 
control. 


FE 
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JoHN VERNA received his Master’s degree in 
June, 1954. His thesis work was chiefly con- 
cerned with the bacteriological phases involved 
in the study of granular vaginitis in the bovine 
animal. Mr. Verna is now enrolled at Brown 
Univ. working on his Ph.D. degree with part- 
time employment at Chapin’s Hospital in Provi- 
dence. 

M. H. Camppein, dean of the College of 
Agriculture, who is serving as Chief Agricul- 
turist in Egypt, expects to return to the Univer- 
sity in February, 1955. 


Recent Personnel Changes at Minnesota 


Howarp THOELE, former research fellow, 
will join the Pennsylvania State Univ. Exten- 
sion Staff (Dairy Cattle Breeding) about Nov. 

Ricuarp ApAms will assume his duties on 
Nov. 1 as animal nutritionist on the Pennsyl- 
vania State Univ. Extension Staff. 

GERHARD HarpestapD left Sept. 1 to join the 
Extension Staff in Dairy Husbandry at the 
Univ. of Ilinois. 


Eldridge Joins Nebraska Staff 


F. E. Evpringe has resigned his position as 
a member of the Kansas State College Depart- 
ment of Dairy Husbandry to accept an appoint- 
ment as associate director of resident. instrue- 
tion in the School of Agriculture at the Univ. 
of Nebraska. Dr. Eldridge has been in charge 
of instruction and research in dairy cattle 
breeding at Kansas State for the past 7 years. 


Harmon Goes to M.S.C. 


L. G. Harmon, formerly on the dairy manu- 
factures staff at Texas Technological College, 
has joined the dairy staff at Michigan State 
College, where he will develop a marketing 
research program on dairy products. 


Curriculum Changes at M.S.C. 


In 1951, the Michigan State College dairy 
department graduated only three students who 
had majored in dairy production. A review of 
student enrollment indicated no improvement in 
the situation could be expected during the next 
3 years. 

Following consultation with students, gradu- 
ates, and staff, it appeared that the major. criti- 
eism of the then existing curriculum was that 
it did not provide a proper balance between 
dairy cattle nutrition, breeding, and manage- 
ment. This condition was rectified and during 
the 3 years operation of the present plan, the 
average number of graduating students has 
risen to seven each year. Further increases are 
expected during the next 3 years. These num- 


bers compare very favorably with the 1930-1939 
average of 7.4 graduates per year and the 
1940-1949 average of 7.3. However, in view of 
the increased all-college enrollment since 1945, 
the number of dairy production graduates is 
still alarmingly low. 

Further modernization of the dairy produe- 
tion undergraduate program to incorporate a 
business option is contemplated as a means of 
encouraging student enrollment. This program 
would be similar to the administration and sales 
option which was adopted in 1953 for students 
majoring in dairy manufactures. 

Students in dairy manufactures must com- 
plete 192 quarter credits for graduation, 120 of 
which are from required subjects in the arts 
and sciences, including agricultural science. 
Thus, 72 elective credits remain in general busi- 
ness, economies, accounting, and journalism for 
students who wish to specialize in administra- 
tion and sales. Students interested in dairy 
plant production, control, or quality work may 
take their electives in chemistry, bacteriology, 
and applied science. 


Michigan to Hold Annual Dairy 
Manufacturers Conference 


The 15th annual Michigan Dairy Manufae- 
turers Conference will be held at Michigan 
State College on Nov. 3 and 4. Loeal and 
nationally prominent dairymen will be featured 
in sectional programs on market milk, ice cream, 
butter, and manufactured milk products. A 
products clinic, inaugurated at the 1953 con- 
ference, will be continued with strawberry ice 
cream, cottage cheese, and buttermilk to be 
critically judged. 

One of Michigan’s outstanding dairy leaders 
will be presented with the second annual Michi- 
gan State College Dairy Manufacturers Award 
at the banquet to be held the second night. At 
the conélusion of the conference, J. M. JENSEN 
of the Michigan State staff will conduct a 1-day 
clinie on cottage cheese making. 


Completed Theses 
M.S. Degree: 
DemBiczAK—Three-day versus one-day 
growth measurements of the young dairy calf. 
Univ. of Connecticut. 


James selt- 
feeding roughages to dairy cows in loose- 
housing. Michigan State College. 

MarLowre EK, Netson—A comparison of meth- 
ods of evaluating butterfat production for 
developing a dairy breeding program, Michi- 
gan State College. 
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L. A. RicHarpson—Water-insoluble fatty acid 
content of farm separated cream in relation 
to certain other quality characteristics. Univ. 
of Kentucky. 

T. W. Denron—The effects of an Aureomycin 
supplement and certain surface active agents 
on apparent digestibility and blood levels of 
urea nitrogen and total non-protein nitrogen 
in young dairy caives. Univ. of Kentucky. 

Jackson A. TayLor—A comparison of various 
grasses as to composition, digestibility, and 
forage consumption under grazing conditions. 
Univ. of Kentucky. 
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Ph.D. Degree: 

Harotp W. Jackson—Identity and origin of 
the malty aroma substance from milk cultures 
of Streptococcus lactis var. maltigenes. Univ. 
of Connecticut. 

Lreonarp R. MartickK—Quantitative determina- 
tion of antibioties in milk. Univ. of Connee- 
ticut. 

Er_ter S. Humper—tThe role of added nonfat 
dry milk solids and the pressure of homogeni 
zation on the stability, viscosity and othe: 
properties of half-and-half homogenized milk. 
Michigan State College. 


TRENDS IN PACKAGING OF FOOD 


Marian G. KLEIN 
Marathon Corporation, Menasha. Wisconsin 


A very curious thing has taken place in this 
country—and almost without our knowing 
about it. A revolution is under way in the food 
market, and the food industry appears only 
vaguely aware of it. Back in 1941, Americans 
spent $20 billion for food. In 1953, they spent 
$60 billion. Over the past 12 years, the increase 
in U. S. food expenditures has been greater, 
dollarwise, than the increases in spending for 
homes, consumer durables, or automobiles—or 
even for all of these combined. Briefly, the 
American people decided that food was more 
important to them. In 1941, they were allocat- 
ing 22% of their cash income for food. In 
1953, the figure was up to 26%. 

Over the past decade and particularly since 
1946, the American public has made a radical 
change in its habits of buying food. Some of 
the factors responsible for this change are: 

1. Mechanization of packaging. The develop- 
ment of automatic fast-moving packaging lines 
made possible mass volume production of pack- 
aged foods. With volume and variety in pack- 
aged foods came the evolution of the self-service 
stores. 

2. Growth of supermarkets and self-service. 
Supermarkets now do over half of the U. S. 
grocery business. The first impression upon 
entering a well planned self-service store is an 
impression of tremendous quantity and variety 
of merchandise, most of it in colorful, attractive 
packages. With the wide assortment of neat, 
attractive food packages on the carefully ar- 
ranged display shelves, the customer is greatly 
tempted and usually ends up buying a greater 
quantity of merchandise than she had planned 
to buy. We are aware of the tremendous amount 
of “impulse buying” which goes on in the mod- 
ern self-service stores. Surveys have indicated 
that when husband and wife shop together as 
a team, there is more “impulse buying” than 
when either person shops alone. 

While the art of store arrangement, display, 
and good packaging has encouraged impulse 
buying to the benefit of the store, it has also 
helped the shopper to buy her food and house- 
hold needs quickly, pleasantly, and economi- 
eally. 

3. Population movements. More and more of 
our population is moving to industrial areas 
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and living in the suburbs of large cities. The 
tendency of industry to decentralize, the fear 
of the atomie bomb, traffic congestion, and the 
development of housing units have caused a 
flow of population away from the larger cities 
into smaller centers. In addition to the above 
change, our population is moving westward and 
south-eastward at the expense of the middle 
west and northeast. These migrations mean 
great changes in living standards. New wants, 
preferences, taste, and viewpoints resulting 
from migration greatly affect purchases. 

4. Growth of outlying shopping centers. The 
widespread decentralization movement of popu- 
lation and industry has encouraged the rapid 
growth of neighborhood stores and secondary 
shopping centers. 

Shoppers made it clear to the grocers some 
years back that they were determined to shop 
less frequently for food. And the automobile 
made it possible to carry off the necessarily 
larger purchases. So by forceful persuasion, 
the food stores began’ to provide customers with 
parking space. But the provision for space 
meant that the stores could not be located in 
the older downtown shopping districts or in 
the densely populated residential areas. Conse- 
quently, shopping centers in outlying areas 
sprang up. At these centers once-a-week shop- 
ping is the rule instead of daily shopping trips, 
as was formerly the case. The trend toward 
larger home refrigerators and_ refrigerator- 
freezer combinations allows the shopper to 
keep more food in her home for longer periods 
of time. 


5. Expanding middle class with incomes of 
$4,000 to $7,500. After 1947, consumers with 
family incomes of $4,000-$7,500 per year began 
to dominate the food market. These groups can 
afford to pay for considerable processing and 
other services in their food purchases. They 
buy “convenience” foods, i.e., foods with built- 
in service. On the other hand, people in the 
lower income brackets buy basic foods and do 
much of the work required in preparation of 
their food products. Surveys have indicated 
that people in the higher income brackets do 
not buy more food, as measured in pounds, but 
they do buy higher-priced foods. 

6. Larger number of married women in busi- 
ness. Today, 30% of the homemakers are work- 
ing in business. This facet, together with the 
shortage and high cost of domestic help, means 
that these housewives have very little time for 
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preparation of food in the kitchen. Conse- 
quently, they demand and buy convenience 
type foods which can be prepared and served 
in a hurry. 

7. Increase of convenience food items. This 
great demand for convenience built into foods 
has been met by the industry. Today on the 
market there are all types of prepared mixes 
(cake, biseuit, paneake, frosting, frozen des- 
sert, candy, ete.) which are easy to use and 
quick to prepare. It is estimated that over 20% 
of the fresh meat sold in the U. S. has been 
trimmed, prepackaged, and labeled. We also 
see frozen fruit juices, frozen vegetables which 
are ready to drop into the pot for boiling, 
frozen precooked individual items which re- 
quire only heating, and now even a frozen 
dinner, complete with meat, gravy, potatoes, 
and vegetables—all ready to heat and serve. 

8. Television. Television in the homes also 


has tended to remove the cooks from the 
kitchen. And again the American housewife 


insisted on foods which are easy and fast to 
prepare so that no important program would 
be missed. 

9. Diet changes. With development of ma- 
chinery to do most of the heavy work, heavy 
labor has been reduced, and the need for high 
caloric diets also has been reduced. Conse- 
quently, in recent years we have seen a swing 
away from the high calorie carbohydrate diets 
and toward the lower caloric, protein type diets. 

10. Advertising. All forms of advertising 
(television, radio, newspaper, and magazines) 
have been very effective in getting people to 
try new products and to shift from one brand 
to another. Advertising is a potent force in 
creating and changing consumer habits and 
wants. 

Because of the self-service boom, purchasers 
have become accustomed to choosing the items 
they buy, and they are becoming more critical 
ot the merchandise. As a result of this critical 
viewpoint, the selection of the packaging mate- 
rials has become more important. In selection 
of a package and its component materials for 
a given product, four primary points must be 
considered : 

1. Sales appeal. Since the package must 
stimulate sales and encourage repeat sales, it 
must have genuine visual appeal. Color is per- 
haps the most vital factor in commanding atten- 
tion. After the package has caught the eye, it 
must identify the product and inform the cus- 
tomer. Here typography and design are im- 
portant. Finally, the package, by pleasing the 
eve and the emotions, must invite the consumer 
to purchase the product. 

2. Protection. The first duty of the package 
is to protect its contents. If a package fails to 
do this, there may be no first sale of a product, 
and there surely will be no repeat buying. 
Good packaging waterials can protect product 
quality against the following hazards: 
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a. Moisture loss or gain as influenced by ex- 
ternal humidity conditions 

b. Damage by exposure to atmospheric oxy- 
gen 

. Mold and bacterial action 

. Loss of flavor 

Adsorption of foreign odors 

Sifting of powders and leakage of juice 

. Light penetration 

. Chemical reaction between product and 
container 

i. Seepage and staining of fat or oil 

There is no all-purpose container which can 
be used for packaging all foods. Each con- 
tainer must be tailor-made to fit the specific 
characteristics of the individual food product. 
After determining the product requirements, 
the packager must make a sound choice of 
available packaging materials and adopt these 
materials to requirements of high speed filling, 
closing, and handling operations. 

3. Convenience. The great demand for con- 
venience has led to improvements in packaging. 
In designing packages which will move in self 
service markets, the manufacturer cannot afford 
to overlook factors relating to convenience and 
utility of the package in actual use. Easy 
opening and reclosure features, as tear tapes, 
metal pour spouts, and pitcher pour spouts on 
paper milk bottles, are aids which facilitate use 
of the package. The convenience of accurate, 
premeasured portions in the portion-controlled 
containers is appealing because they eliminate 
less accurate spoon-measuring from jars and 
cartons. Another package convenience which 
has proven popular is the carry-home carton 
for glass bottles and metal cans. 

If plus values can be built into the package 
which make it easier for the buyer to use, re- 
peat sales are insured. 

4. Economy. The package must be economical 
or it never will attain volume sales. Choosing 
component materials which are abundant in 
supply and which will permit high speed fabri- 
cation will help to keep costs at a satisfactory 
level. 

If the package does not have the proper 
balance in respect to these four points—sales 
appeal, protection, convenience, and economy— 
its promotion and outlook for a continued mar- 
ket are hampered. 


Packaging Trends 


In the large supermarkets today even the 
humblest package must take on the duty of 
salesmanship. There is a trend toward brighter 
and bolder colors on packages, probably influ- 
enced by the number of men shoppers these 
days. The primary colors, red, blue, and yellow, 
are becoming very prominent on food packages. 
As for design, the pictorial design is still very 
popular. However, the trend is toward showing 
a colorful illustration of the food product in 
end use rather than a picture of the product 
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itself. In the dairy field, the picture of the cow 
and the pasture is giving way to appetite 
appealing designs. The designs which were 
created for the American Dairy Association 
for its big promotion to sell butter will show 
a stack of light brown, steaming pancakes with 
several pats of butter on top—or a brown, 
roasted turkey dripping with butter—rather 
than a picture of butter itself. Television, too, 
has played an important role in influencing 
packaging design. It has started a trend to- 
ward simplification of the all-over package 
design. Neater, clean-cut designs are the result 
of this trend. 

Changes are also being made to insure pack- 
age visibility and to aid in identification of 
packages at a distance. Since a portion of the 
shoppers move through food stores in a hurry 
and since not all packages can be displayed at 
eye level, many small packages with poor visi- 
bility are overlooked. To attract the shopper’s 
eye, some packages are now being designed 
with the illustration and brand name on the 
top, sides, and bottom panels rather than only 
on the top panel. This gives the package multi- 
sided visibility which insures that the package 
will win attention regardless of its position in 
the store display. Concise, informative labeling 
and copy large enough to read at a glance are 
aiding package legibility. The importance of 
legibility was brought out clearly in recent 
studies on buying habits conducted by Mara- 
thon. It was learned that many packages were 
not dropping into the shopping baskets because 
the shoppers had left their glasses at home 
and could not read the finely printed words on 
the packages. Since the package should serve 
as a billboard, emphasis is being placed on 
shape and size, color combinations, selection 
of typography, and brevity of sales points. 
In addition, useful information, such as _ re- 
cipes and serving suggestions, is appearing on 
the new packages to help the customer in her 
use of the product. 

As for packaging materials, the greatest 
advances are being found in the field of new 
films and highly protective laminations. These 
sheet materials are finding increasing use in 
single-service packages. New coatings and lam- 
inations are giving them greater strength, ex- 
cellent heat seals, improved protective quali- 
ties, and increased adaptability to high speed 
equipment, 

Much use is being made of aluminum foil. 
The improvements in processing lighter weight 
aluminum foil are creating fields of packaging 
that formerly were considered impossible. The 
lighter weight foils are not being used singly, 
but in combination with other sheet materials 
for two-ply and three-ply laminations. 

Very versatile high speed machinery has 
been developed to handle these highly protee- 
tive films and laminations. Most of the new 
pouch-forming machines can operate at a rate 
of 120 to 300 packages a minute. These ma- 
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chines are available for automatic forming, 
filling, and heat sealing; some include print- 
ing, coding, and perforating attachments. Vac- 
uum packaging machines with six and eight 
head rotary units are capable of pulling a 
vacuum and heat-sealing pouches at the rate of 
40 packages a minute. Because of the lack of 
a good, approved antimyecotic, vacuum pach, 
aging is becoming more popular, especially fo 

sliced cheese (both process and natural) and 
for sliced luncheon meat in order to protect 
product quality for prolonged periods. And in 
the ice cream field the development of a new, 
sliced brick machine has modernized the method 
of handling this product. In addition to versa- 
tility, the new packaging machines require less 
maintenance and can be operated by less highly 
skilled personnel. 

In the carton field, containers of all types 
are being made to finer tclerances for efficient 
use on high speed automatic packaging lines. 
The carton manufacturers are combining 
grease-proof papers and films with paper- 
board, and they also are applying heavier wax 
coatings to improve greaseproofness and mois- 
ture protective properties. 

The average supermarket today carries ap- 
proximately 5,000 items, which are packaged 
in many different types of containers. Some of 
the various package forms are shown in the 
accompanying photographs. 


Fig. 1. One-portion packets 


In Figure 1 a number of one-portion packets 
are shown. These packets usually contain a 
premeasured portion of product, enough for a 
single service. As shown in the photograph, 
some powdered milk is now being packed in a 
moisture-proof paper-foil laminate which is 
polyethylene coated on the inner surface (foil 
side) for heat sealing. Portion-controlled 
amounts of dehydrated cream product can be 
purchased in a triple-ply laminate of acetate- 
foil-pliofiim. A triple-ply sheet of foil-paper- 
foil is now being employed to pack frozen 
dessert mix powders. When aluminum foil is 
exposed on the outer surface of the pouch, as 
in the dessert mix package, some precautions 
must be taken to protect the foil from mechani- 
eal and physical damage. This can be aecom- 
plished by varnishing or lacquer-coating the 
foil or by using heavier gauges of foil. 

A 104%-0z. overwrapped carton containing a 
granular nonfat milk product was recently 
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Fig. 2. Unit packaging. 
introduced. This carton has a convenient metal 
pour spout for easy removal of the product. 
The highly protective overwrap is fabricated 
of a cellophane-foil lamination with a heavy 
wax-type coating on the foil side for heat 
sealing. 

Unit packaging is illustrated in Figure 2 by 
a photograph of half-pound packages of sliced 
process and natural cheese, link cheese, sliced 
luncheon meat, ecartoned sausages, and indi- 
vidual 4-oz. ice cream packages. The sliced 
natural Swiss and sliced luncheon meat have 
been vacuum packed for longer keeping. 


Fig. 3. Fractional packaging. 


Another type of packaging known as “frac- 
tional packaging” is shown in Figure 3. It 
features a standard put-up divided into small 
protected units. In this photograph, quarter- 
pound prints of butter are packaged in waxed 
paper and also in laminated foil. Research is 
under way at the present time on a reverse foil 
butter wrap. The individual powdered milk 
pouches are fabricated of a paper-foil lam- 
inate which is coated with polyethylene on the 
foil side. Fractional packaging is popular be- 
cause the units are protected up to the point 
of actual use. This enables the shopper to stock 
larger quantities, keep them fresh longer, and 
eliminate extra store trips. 

Just the opposite of fractional packaging is 
“multiple packaging.” As shown in Figure 4, 
a number of small wrapped units have been 
banded or cartoned to attract bargain seeking 
customers and to prevent pilferage. 

Economy minded customers will be interested 
in the “king size” packages. In Figure 5 are 
shown 2%-lb. packages of frozen vegetables, 
5-lb. packages of frozen shrimp, and %-gal. 
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packages of ice cream, which are prominent in 
the reach-in cabinets. 

Overwrapped dairy packages are showing up 
oceasionally. Pint and %4-gal. cartons ean be 
found overwrapped with a single sheet of 
heavily waxed paper. These are not insulated 
packages. The overwrap is applied directly to 
the carton to provide better long-term keeping 
qualities. The foil overwrap on the butter 


package, used in conjunction with parchment 
wrapped prints, provides 
protection. 


glamor and extra 


Fig. 4. Multiple packaging. 


Modernization of an old idea is illustrated 
in Figure 6. Here, in the Arden and Westwood 
designs, is a modernized version of the old half- 
gallon pail. The shape of the old pail has been 
retained, but the new pail is shipped flat with 
an automatic bottom for easy set-up by hand 
or by automatic machinery. As can be observed 
in the photograph, the top lock flaps on the 
new pail have been altered slightly for auto- 
matic machinery. 

The TV frozen dinner is an example of 
ultra convenience. This complete meal, con- 
sisting of meat, dressing, potatoes with a pat 
of butter, and vegetables with a pat of butter, 
comes packaged in an aluminum tray and is 
ready to be placed into a hot oven. After heat- 
ing, the meal can be served in the aluminum 
tray, and upon completion of the meal the tray 
ean be thrown away, thus eliminating dish 
washing. This package is protected by a new 
cellophane-tissue laminated overwrap. The new 
overwrap has high gloss, good heat seals, and 


Fig. 5. King-size packages. 
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good strength at temperatures of 0° F. to —20° 
F., whereas cellophane alone becomes very 
brittle at low temperatures and has a tendency 
to shatter. 

All of the packages illustrated in the various 
photographs have shown a rapid gain in con- 
sumer acceptance—principally because of the 
proper balance in economy, quality protection, 
convenience, and attractiveness. 


westwoon 


CREAM 


Fig. 6. 
eream pail. 


Modernized version of half-gallon ice 


In addition to the trends toward new designs, 
new package materials, new machinery, and 
new package forms, there also is a trend toward 
more research and better organized programs 
to develop new uses, new markets, better meth- 
ods and new equipment. This increased re- 
search is being stimulated by competitive pres- 
sure. Already there are better coatings, linings, 
and films which improve the physical and pro- 
tective properties of packages, in many eases 
at reduced cost. More packaging operations are 
becoming mechanized, and equipment to run at 
greater speeds is continually being developed. 

The buyer’s market is encouraging better 
packaging. As a result, consumers will benefit 
because at no increase in cost they will get 
foods in packages that are more convenient, 
reduce spoilage, and avoid waste. 


THE INFLUENCE OF DAIRYMEN’S 
KNOWLEDGE ON THEIR SUCCESS 
AND ACTIONS' 


C. V. Hess anp L. F. MiILier 


Department of Agricultural Economics 
Pennsylvania State University 


Many hypotheses of an economie, social, and 
personal nature have been advanced to explain 
why some dairymen have failed to improve 
the efficiency of their Cairy operations. One of 
several such hypotheses tested in a study in 
central Pennsylvania was that some dairymen 
lacked the necessary knowledge of improved 
production practices and principles. 


* Authorized for publication on March 25, 1954 
as Paper No. 1867 in the journal series of the 
Pennsylvania Agricultural Experiment Station. 
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The 151 dairymen used in this study repre- 
sented a sample of the owner-operated dairy 
farms* located on limestone soils. Although 
approximately one-third of the farmers in this 
area are tenants, only owner-operators were 
contacted for this study because of a general 
tendency for tenants to rationalize many of 
their decisions and actions in light of their 
existing tenure agreement. 

The first step in appraising the role of knowl- 
edge in relation to dairymen’s methods was to 
develop a representative list of test questions 
in cooperation with dairy extension specialists 
at the Pennsylvania State University. The 
questions asked each of 151 dairymen, and their 
answers, are given in Table 1. Scores to be 
assigned each answer were determined with the 
aid of the dairy specialists. Although this list 
of questions is short, it is felt that the answers 
provided a reasonably valid index of the farm- 
ers’ knowledge of improved dairy management. 

Individual operator scores ranged from 96 
to 10 with a mean score of 66 (perfect score 
of 100) and a standard deviation of 18 (Table 
1). This range in seores suggests that the test 
did segregate dairymen into different knowledge 
groups on the assumption that the operators 
were examined in the significant areas of knowl- 
edge dealing with the dairy enterprise. It is 
interesting that the average scores were fairly 
high on questions 3, 5, and 7 dealing with the 
relative protein and TDN value of different 
feeds and with the principle of diminishing 
returns. In contrast, average scores were low 
on the remaining questions dealing with the 
amount of concentrates to feed, the proper 
protein level, and selection of the herd sire. In 
these areas there appeared to be a serious lack 
of knowledge on the part of many dairymen. 


Dairy Knowledge and Success in Farming 


The apparent relationship of knowledge to 
the success of the total farm business, and more 
specifically the dairy enterprise, was examined 
by relating the scores made by these operators 
to such factors as labor income, returns above 
feed costs per cow, and milk production per 
cow (Table 2). The level of farmers’ knowl- 
edge, at least with regard to the dairy enter- 


A dairy farm was designated as one on which 
six er more cows were maintained and from which 
fluid milk had been sold for at least 9 months of 
the year studied. A comparison of certain charae- 
teristics of the owner operators used in this study 
with similar data for approximately 80% of all 
owner dairymen in the area revealed no appre- 
ciable differences with respect to such factors as 
the age of the operator, size of herd, and produe- 
tion per cow. However, the level of formal educa- 
tion of the farmers included in this study was 
significantly higher than for all owners, with 46% 
of the operators in this study having completed 
more than eight grades, compared with only 36% 
for all owners. The difference was significant at 
less than the 0.05 level by Chi square test. 


a 
G@nation 
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prise, appears to be closely related to the degree 
of success not only of the dairy enterprise but 
also of the total farm business. The operators 
with higher knowledge scores were operating 
farms with substantially larger total eapital 
investments. 

The apparent influence of knowledge on re- 
turns was most evident at the higher levels of 
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fore, improved knowledge scores were asso- 
ciated with four times the response in labor 
incomes at the higher capital investment -level 
than at the lower investment level. However, 
since improved knowledge is related to a num- 
ber of other desirable characteristics of opera- 
tors, it would be unfair to attribute all of the 
associated response in labor income at higher 


TABLE 1 


List of questions asked 151 owner-operator dairymen; mean test score and standard deviation 
(central Pennsylvania, 1949) 


Standard 
deviation 


Mean 
score 


Perfeet 


Question score 


1. What is the recommended rate of feeding grain to Holsteins and Guern- 
seys? 


to 


In your mind what should be considered in deciding upon the rate of 
feeding grain to dairy cows? 20 


3. Rate the following grains and concentrates in order of greatest to least 
feeding value (protein basis) for dairy cows: corn and cob meal; 
wheat bran; soybean oil meal; oats. 15 13 3 


4. What percent crude protein should your dairy ration be with liberal 
feeding of the following roughages? legume hay (properly cured) 
with corn silage; good mixed hay with corn silage or good mixed hay 
alone; nonlegume hay with or without silage. 15 8 5 


5. Rank the following from highest to lowest feeding value per acre under 
average weather conditions and with these assumed yields: corn silage 
(10 tons/acre); oats (40 bu/aere); clover hay (2 tons/aecre); good 


pasture (permanent or semi-permanent). 10 8 2 


6. Rank in order of importance the following considerations in choosing a 
bull ealf for a future herd sire: milk production record of the dam; 
milk produetion record of his full sisters and half sisters; presence of 
world champion milk records in the blood line about three generations 
back. 15 10 3 


An average herd receiving the usual amounts of grain and roughage 
was fed an additional 300 lb. of grain which resulted in an additional 
400 lb. of milk. If another 300 lb. of grain is fed, what effect on milk 
production would you expect? About another 400 Ib. increase in milk 


production ; 
than a 400 Ib. inerease. 


something less than a 400 lb. increase; 


something more 
10 9 3 


Total 100 66 18 


*Standard deviation is a statistical measurement of the degree of dispersion of scores around the 
mean score of 66. The mean score (66) plus or minus the standard deviation (range of scores from 48 
to 84) would include seores made by approximately 68% of the 151 operators, based cn a normally dis- 


tributed frequency of scores. 


capital investment. For example, for an aver- 
age capital investment of $14,000, there was an 
associated increase in labor income of $9.12 for 
each point increase in knowledge score. In 
contrast, the associated responses in labor in- 
comes per unit increase in knowledge score for 
average investments of $21,000 and $25,000 
wert $18.17 and $36.27, respectively. There- 


* Based on least squares evaluation of hypotheti- 
eal relationship where: Labor Income = a + b 


(eapital investment) + ¢ (knowledge score) + d 
(product of capital investment and knowledge 
score. ) 


investment levels to improved knowledge alone. 

Analysis disclosed a high degree of relation- 
ship between the level of formal schooling and 
the scores made on the knowledge test. In view 
of this an effort was made to test the impor- 
tance of knowledge within each of the formal 
schooling groups (Table 3). Within the grade 
school group of farmers, the 33 operators who 
made scores of over 65 on the knowledge test 
had significantly higher labor incomes and 
higher production per cow and were operatin 
larger dairies with nearly $7,000 higher invest- 
ment. Also, they were a younger group of 
farmers. The same general relationships ex- 


+ 
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TABLE 2 
Relationship of knowledge to the success of the farm business and the dairy enterprise 
(151 central Pennsylvania dairy farmers, 1948-1949) 
Ranking Number Pounds Productive Average 
of of Average milk man work eapital Labor 
scores eases score per cow“ units“ investment * income” 

Lower 3/10 45 43.9 7,373 428 $18,928 $1,852 
Middle 4/10 62 67.8 7,994 460 23,104 2,805 
Upper 3/10 44 85.6 8,241 566 27,879 3,873 
Average 151 65.8 7,881 481 $23,251 $2,832 


“Mean differences are significant at less than 5% level by analysis of variance test. 
" Labor income represents the annual net cash farm income (adjusted for inventory changes) minus 
a 5% interest charge on the capital investment and the estimated value of unpaid family labor. 


isted within the two other schooling groups. 
There were only 18 operators with more than 
a high school education. When these operators 
were grouped into the “over 65” and “65 or 
less” knowledge score groups, only three were 
in the low knowledge group, so that little can 
be said concerning the relationships found 
here. 


When the average labor incomes for each of 
the formal schooling groups were adjusted to 
the average knowledge score (influence of 
knowledge score on labor income is thus re- 
moved) the adjusted average labor income for 
the grade school operators was $2,547, as com- 
pared to labor incomes of $3,166 and $3,286 for 
the high school and more than high school 
groups, respectively. These data would suggest 
that the level of formal schooling or the per- 
sonal characteristics generally associated with 
more formal education are also important con- 
tributing factors to success in farming. How- 
ever, it does not imply that grade school oper- 
ators are doomed to failure, because the data 
disclose that acquired knowledge, as measured 
partly by the knowledge test, is a more impor- 
tant determinant of farming success than the 
level of formal schooling attained. 


Knowledge Related to Personal 
Characteristics and Actions 


The mere possession of knowledge in itself 
is no assurance of financial success. This poses 
the question as to what other characteristics or 
traits are associated with the operators who 
have acquired this farming “know how.” Can 
we “type” the high- and low-knowledge groups 
of operators? 

The high-knowledge group (the upper 30% 
of the operators as arrayed on knowledge test 
scores) as compared with the low-knowledge 
group (the lower 30%) took a more active part 
in community organizational activities and more 
of them belong to the local Dairy Herd In- 
provement Association. The high-knowledge 
group also had a better idea of what was con- 
sidered a “good” rate of milk production per 
cow, had a much higher standard of satisfactory 
performance as indicated by a high level of 
production below which they cull cows from 
their herd, and finally tended to rate themselves 
above their neighboring dairymen with respect 
to their production per cow and as all-round 
farmers. High knowledge scores are thus asso- 
ciated with other characteristics which are usu- 
ally considered desirable. 


TABLE 3 


Relationship of knowledge within formal schooling groups to several personal and business factors 
(147 central Pennsylvania dairymen, 1948-1949) 


Level Average Knowledge Number Unadjusted Adjusted 
of knowledge score of Average Labor labor labor 
schooling score groups eases score income * incomes incomes” 
Grade " 65 or less 46 51 $1,928 ‘ 
school 6s over 65 33 78 ° 3,089 $2,414 $2,547 
High 65 or less 18 45 2,860 is 
school “ over 65 32 80 3,440 8,231 3,166 
More than - 65 or less 3 56 2,739 - 
high school m over 65 15 82 3,888 3,697 3,286 
Average 147 66 $2,848 $2,848 


* Analysis of covariance shows mean difference adjusted to the mean knowledge score groups to be 


significant at less than the one per cent level. 


» Labor incomes adjusted to the mean knowledge score. 
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Since knowledge provides the basis for cor- 
rect decisions and actions, what is the relation- 
ship between the level of knowledge and actions 
by farmers? Do those who possess the knowl- 
edge actually apply it in their decisions and 
actions? Evidence to support the hypothesis 
that correct dairy knowledge usually promotes 
what is generally considered desirable actions is 
represented in Table 5. The high-knowledge 
group as compared with the low-knowledge 
group changed the protein level of their dairy 
grain ration more often during the year in 
response to changes in quality of their rough- 
ages. Of the 39 operators who were feeding 
hay and/or silage as supplemental feed during 
part of the summer period because of a pasture 
shortage, 30 indicated they had taken measures 
over the past few years to correct this condi- 
tion. Forty per cent of these operators were 
in the upper-knowledge group and only 17% 
were in the low-knowledge group. 

When asked whether their milk production 
has changed during the last 3 or 4 years, a 
higher percentage of those indicating an in- 
erease was in the high-knowledge group. Most 
of those indicating no change were in the low- 
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knowledge group. Of the operators anticipat- 
ing an inerease in production over the next 3 
or 4 years, a significantly higher percentage 
was in the high-knowledge group, and most of 
those expecting no change in production were 
in the low-knowledge group. 

When asked whether they had thought seri- 
ously about any changes to reduce the time re- 
quired to do dairy chores, of those answering 
“ves,” 41% were in the high-knowledge group 
with only 23% in the low-knowledge group. 
This would seem to indicate greater concern 
and foresight on the part of the high-knowledge 
group with regard to future efficiencies in the 
operation of the dairy. 


Summary 


The results of a knowledge test, which quizzed 
151 central Pennsylvania dairymen over se- 
lected dairy management practices, suggest that 
a high proportion of our dairymen lack much 
ot the basic knowledge required for proper 
decision making. Scores on the test ranged 
from 96 down to 10 with an average score of 


TABLE 4 
Relationships of knowledge to certain characteristics of operators 
(151 central Pennsylvania dairymen, 1948-1949) 


Percentage of operators 
in different knowledge 
score groups 


Number 
of Upper 3 Lower 3 
Characteristics * eases” deciles deciles 
Progressiveness : 
What year did you 1941 or earlier 62 39 16 
adopt hybrid corn? Since 1941 80 22 38 
Do you take part in Yes 72 40 14 
organizations? No 79 19 44 
Do you belong to Yes 32 62 0 
DHIA? No 115 21 36 
Concepts and standards: 
What do you consider 11,000 or more ‘ 28 50 14 
to be a good rate of 9,500-10,999 22 41 4 
milk production per Less than 9,500 31 42 13 
cow? Doesn’t know 67 10 51 
Down to what level 8,000-10,000 Ib. 16 56 0 
must a cow drop before 6,000-7,999 Ib. 31 45 7 
culling? Under 6,000 Ib. 20 30 25 
Doesn’t know 83 17 46 
Farmer’s self-rating: 
As all-round farmer Upper 1/5 53 45 23 
Second 1/5 26 23 23 
Lower 3/5 68 18 36 
On milk produced per Upper 1/5 44 48 18 
- COW Second 1/5 29 24 21 
Lower 3/5 71 22 39 


“ All relationships significant at 5% level or less by the chi square test. 


The number of cases varies quite often from the total of 151 farmers in the study because some 
operators were not able to answer all the questions. In other instances only the important answer cate- 


gories are indicated on the table. 


© Productions given by farmers have been corrected to 4% butterfat basis. 
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TABLE 5 


Relationship of knowledge to certain actions of operators 
(151 central Pennsylvania dairymen, 1948-1949) 


Percentage of operators 
in different knowledge 


seore groups 


Number 
of Upper 3 Lower 3 

Actions of operators eases deciles deciles 
Do you change protein 
level of grain ration Yes 102 31 23 
during the year?* No 49 24 45 
Does quality of your 
roughage influence protein 
content of your grain Yes 108 34 22 
ration? No 42 17 50 
Have you taken any measures 
during last 4 or 5 years 
to correct the pasture Yes 30 40 17 
shortage?“ No 9 22 56 
Has milk production changed Yes, increased 97 32 21 
any in last 3 or 4 years? No change 38 24 52 
What change in milk pro- 
duetion do you expect in Tnerease 120 32 23 
next 3 to 4 years? No change 26 15 50 
Hhave you thought about 
any changes to reduce time Yes 58 41 23 
to do dairy chores? No 55 15 38 
Why have you never joined Cost too great 26 15 31 
a DHIA? Never bothered 40 12 50 

Miscellaneous 36 28 25 


* Relationship significant at 10-20% level by the chi square test. All other relationships are signifi- 


eant at 5% level or less. 


66 and a standard deviation of 18. The gap 
between the present state of knowledge of 
many dairymen and that required to actually 
adopt improved practices is apparently greater 
than frequently appreciated. The importance 
of overcoming knowledge deficiencies is sug- 
gested by the fact that the 44 operators who 
made high seores on the knowledge test had 
herds averaging nearly 1,000 Ib. higher produc- 
tion per cow, with $40 higher returns above 
feed costs per cow, and were operating farms 
earning labor incomes averaging $2,000 over 
those farms operated by the 45 operators who 
made lower scores on the same knowledge test. 


Knowledge is particularly important for 
dairymen operating with high capital invest- 
ment. The associated response in labor incomes 
to improved knowledge was four times as great 
on farms operating with a high capital invest- 
ment as on farms operating with a low capital 
investment. Likewise, the operators making the 
higher scores possessed many other character- 
isties or traits usually considered desirable, had 
adopted more oi the recommended dairy man- 
agement practices, were anticipating future in- 
creases in milk production, and were seriously 
concerned about taking measures to further 
improve their dairy operations. 
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nent teeth, with teeth of the dairy cattle remain- 
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changes with age in deciduous and permanent 
teeth are given for beef and dairy cattle. It 
was noted that loss of teeth was more dependent 
upon age than upon the damage to the teeth. 


Gingivitis at the time of dental eruption is a 
normal occurrence which should not be con- 
fused with disease processes. 

E. W. Swanson 


BOOK REVIEWS 


906. Livestock Production. Waiter H. Pr- 
TERS and Ropert H. GrumMMeER. 2nd edition. 
McGraw-Hill Book Company, Ine., New York. 
415 pp, 101 illustrations. 1954. $6.00. 

This text is designed for use in a survey 
course for beginning college students in agri- 
culture. The book covers in brief the produe- 
tion fields in beef cattle, dairy cattle, swine, 
sheep, goats, horses, and mules. Feeding, judg- 
ing, marketing, health, breeds and breeding are 
discussed for each class of livestock. The book 
is interestingly written, but quite brief in its 
coverage of each topie. 

Very little attention is given to the more 
modern methods of dairy management. It is 
apparent that the book will be of limited value 
where any number of the beginning students 
in a course have had previous contact with the 
dairy field. 

It remains questionable whether the text is 
of college level, although it could prove infor- 
mative, particularly to students of limited agri- 
cultural experience. K. E. Gardner 


BUTTER 


907. A device for rapidly churning small 
quantities of cream. R. M. Dousy, Dairy Re- 
search Inst., Palmerston North, New Zealand. 
J. Dairy Research, 21, 1: 78. 1954. 

A device for churning small quantities (200- 
500 ml.) of cream is deseribed. The cream is 
churned in a 1200 ml. stainless steel beaker by 
means of a high speed beater directly attached 
to a %4 electric motor. Constructional de- 
tails are- adequately described and illustrated. 
Churning can be completed within one min. 
and an operator can churn and work 9-10 
samples per hr. E. L. Thomas 


908. A note on the electrical resistance and 
the keeping quality of butter. J. H. Prentice, 
Natl. Inst. for Research in Dairying, Univ. of 
Reading, England. J. Dairy Research, 20, 3: 
327. 1953. 

Eight selected samples of butter were judged 
subjectively for texture defects, analyzed for 
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salt and moisture contents and observed for 
keeping quality during storage for 60 days at 
70 to 80° F. Distributions of free water drop- 
lets in the butters also were estimated by means 
of bromophenol blue indicator papers pressed 
into freshly cut surfaces of the samples. In 
addition, two electrical properties were meas- 
ured—the dielectric constant and the specific 
resistance. There appeared to be little relation- 
ship between keeping quality and any of the 
properties observed, with the exception of spe- 
cific resistance. Excellent correlation between 
specific resistance and the onset of rancidity 
was observed when resistance measurements 
were made using a power supply which gave an 
output of 6 V.r.m.s. Poorer agreement was ob- 
tained when resistance measurements were made 
at a higher voltage (250 V.r.m.s. at a frequency 
of 50 eye/sec). All low-voltage measurements 
were made at 200 cye/see, although no variation 
of resistance was observed with any of the 
samples as the frequency was varied between 
150 and 1500 eye/see. E. L. Thomas 


909. The problem of fishiness in butter. 
P. Munro and C. R. Barnicoat, Biochem. 
Dept., Massey Agr. Coll., Palmerston North, 
New Zealand. J. Dairy Research, 20, 3: 274. 
1953. 

Deliberate attempts to produce fishiness in 
butter under experimental conditions were un- 
successful in an investigation of reputed causa- 
tive factors involving 50 churnings. Factors 
studied singly and in combination included low 
pH, high salt content, lack of pasteurization, 
traces of copper, and addition of borates. The 
butters were graded and analyzed after storage 
at 60-65° F. for 1-5 mo. Flavor defects such 
as cheesy, tallowy, metallic, and storage were 
common. In no ease were significant amounts 
of either trimethylamine or trimethylamine 
oxide detected. 

The biological and chemical theories as to 
the cause of fishiness are reviewed and dis- 
cussed, The authors conclude that none of the 
proposed theories adequately account for the 
development of this defect in butter. 

E. L. Thomas 


910. A note on the vitamin D content of 
Indian butters. K. M. Henry and S. K. Kon, 
Natl. Inst. for Research in Dairying, Univ. of 
Reading, England. J. Dairy Research, 21, 1: 
81. 1954. 

Butters were churned from herd milk col- 
lected at Bangalore and Coimbatore. Samples 
of the rendered fat were sent by air to Reading 
where they were assayed for vitamin D potency 
by the prophylactic method. The fats from 
milks collect 4 at Bangalore during June, 1951 
and April, 1952 showed a vitamin D potency of 
0.56 and 0.41 iu./g. fat, respectively. The fat 
from milk collected at Coimbatore during April, 
1952 yielded a value of 0.29 iu. vitaming D/g 
fat. These values are considerably lower than 
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those previously reported (Indian J. Med. Res. 
38: 37. 1950) for south Indian butters and 
ghees. The authors report that further work 
is in progress in India. E. L. Thomas 


911. The effect of temperature treatment of 
cream before churning on the consistency of 
butter. R. M. Dotsy, Dairy Research Inst., 
Palmerston North, New Zealand. J. Dairy Re- 
search, 21, 1: 67. 1954. 

Measurements of the hardness and “free-oil” 
content were made before and after storage on 
samples of butter from cream held at various 
temp. before churning. 

Butter from cream held at 60°F. and 
churned at 45° F. was much softer and con- 
tained more free oil than butter from cream 
held and churned at 45° F. Preeooling cream 
to 45° F. before being held at 60° F. resulted 
in butter which was initially slightly softer 
than that from cream held at 60° F. without 
precooling, but the difference disappeared after 
storage for 4 mo. at 14° F. Fat losses were ab- 
normally high when cream was not precooled 
prior to holding at 60° F. 

Slow cooling of cream to 45° F. resulted in 
softer butter with a higher free oil content 
than rapid cooling. Butter from cream held at 
a temp. below that at which it was churned 
did not differ significantly in hardness or free 
oil content from that produced from cream 
held at the churning temp. KE. L. Thomas 


CHEESE 


912. Moisture losses in Cheddar Cheese un- 
dergoing curing. J. K. Scorr, Dairy Research 
Inst., New Zealand. J. Dairy Research, 21, 2: 
212. 1954. 

The loss of moisture in stored cheese is con- 
sidered as a special case of drying, and the 
fundamentals of drying theory applied. 

The rate of moisture loss (expressed as 
moisture loss per lb. of free moisture) is de- 
pendent on the rate of moisture movement in- 
side the cheese, and hence a function of the 
group [diffusion rate X time/(height)*]. Vari- 
ables correlated by means of the above ex- 
pression were time of storage, moisture con- 
tent, fat content, air humidity, temp. size, and 
shape of the cheese. 

A decrease in relative humidity from 82 to 
66% resulted in a 15% inerease in moisture 
lost from cheese during storage. At constant 
humidity, cheese stored at 45° F. lost about 8% 
less moisture than cheese at 55° F. For cheese 
of export size, assuming an average fat content, 
it is shown that the average moisture loss in 
lb/lb of free moisture can be taken as 1.75 
(days)"” at a storage temp. of 55° F. Cor- 
rection factors for other temp. are given, 
amounting to approximately an 8% increase in 
moisture loss for each 10° F. rise in temp. 

The fundamentals of drying theory as ap- 
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plied to cheese are discussed, and equations are 
presented showing the relation between mois- 
ture loss and the factors influencing it. 

E. L. Thomas 


913. Cheese slice treatment and product to 
prevent slice adhesion and mold. G. E. Grinp- 
rop. U. 8S. Patent 2,684,906. 7 claims. July 
27, 1954. Official Gaz. U. S. Pat. Office, 684, 
4: 880. 1954. 

Freshly sliced pieces of cheese are subjected 
to a dehydration process which de-emulsifies the 
fat on the surface, thus preventing mold growth 
and adhesion of the stacked slices. 

R. Whitaker 


914. Methods for cheese packaging and treat- 
ment. G. Grinprop. U. 8S. Patent 2,684,905. 
10 claims. July 27, 1954. Official Gaz. U. S. 
Pat. Office, 684, 4: 880. 1954. 

The surface of cheese is heated by means of 
infra-red radiation to inhibit mold growth. The 
heat treatment causes a phase reversal of the 
emulsified fat to form a continuous fat surface 
layer. R. Whitaker 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


915. The temperature variation of the spe- 
cific gravity of reconstituted skimmilk. G. 
Basap, Y. Levin, and N. SHaron, Dairy Re- 
search Lab., Agr. Research Sta., Rehevoth, 
Israel. J. Milk and Food Teehnol., 17, 7: 219. 
1954. 

The sp.g. of reconstituted skimmilk at differ- 
ent concentrations and temp. has been reported. 
A constant temp. of 15.5° C. was used, there- 
fore the temp. variation of the sp.g. reconsti- 
tuted skimmilk of 7-30% total solids in the 
range of 10-40° C. was made. A general for- 
mula for making the correction has been de- 
rived. 

L = (4.259 — 0.00113t — 0.000050t?) TS — 
(1.249 + 0.0282t + 0.0046t°). H. H. Weiser 


916. The influence of lipids on self-dispersion 
and on ease of dispersion of milk powder. 
W. K. Strong, T. F. Coney, and J. M. McIn- 
TIRE, Q.M. Food and Container Inst. for the 
Armed Forces, Chicag», Ill. Food Technol., 8, 
8: 367. 1954. 

The rate of self-dispersion and the ease of 
dispersion by stirring of premium grade whole 
milk powders and laboratory prepared spray 
dried milk powders were determined under spe- 
cified conditions. In water at 75° F., self-dis- 
persion of dry whole milk was greatly increased 
by tempering the powder at 95 to 140° F. which 
caused melting of the milk fat. The temp. (50 to 
120° F.) of non-fat milk powder had only a 
slight effect on self-dispersion in water at 75° F. 
With the whole milk powder tempered at 
72° F., self-dispersion greatly increased when 
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the temp. of the water was raised to the melting 
range of the fat or to higher temp. Non-fat 
milk powder, in general, showed a gradual in- 
crease in self-dispersion as the temp. of the 
water was raised from 35 to 150° F. As the 
milk fat content of milk powder increased, self- 
dispersion decreased. With the water at 75° F., 
whole milk powder tempered at 120° F. dis- 
persed more rapidly by stirring than powder 
tempered at 72° F. E. R. Garrison 


DAIRY BACTERIOLOGY 


917. Comparison of Escherichia coli and 
Streptococcus faecalis as a test organism to 
determine the sanitary quality of food. C. H. 
ALLEN and F. W. Fasian, Dept. of Bacet., 
Mich. State Coll., East Lansing. J. Milk and 
Food Technol., 17, 7: 204. 1954. 

The authors suggest the usefulness of FE. coli 
and S. faecalis as test organisms to indicate the 
potential danger of bacterial contamination in 
food. Since these bacteria are normal inhabi- 
tants of the intestinal tract and may be asso- 
ciated with enteric bacteria responsible for nu- 
merous food poisoning outbreaks, their presence 
should cause some concern, and further search 
for the source of contamination should be made. 


H. H. Weiser 


918. Comparison of Escherichia coli and 
Streptococcus faecalis as a test organism to 
determine the sanitary quality of food. C. H. 
ALLEN and F. W. Fasian, Dept. of Baet., 
Mich. State Coll., East Lansing. J. Milk and 
Food Technol., 17, 8: 237. 1954. 


Viability tests were conducted on 6 strains of 
E. coli and 2 strains of S. faecalis when inocu- 
lated into 12 different foods ranging in pH 
from 2.8 to 6.7. Lauryl tryptose broth gave 
more positive coliform tests than the lactose 
broth when incubated for 16 hr. 

S. faecalis survived longer in orange juice 
and mayonnaise at pH 3.5-3.7 than any of the 
strains of EF. coli. 

There was no apparent difference between the 
viability of the test organisms within the time 
limits studied in the less acid foods. In the 
acid foods S. faecalis remained viable longer 
than EF. coli. H. H. Weiser 


919, Comparison of boric acid and lactose 
broths for the isolation of Escherichia coli 
from citrus products. E. R. Wa.rorp, Fruit 
and Vegetable Chem. Lab., Pasadena, Cal. 
Appl. Mierobiol., 2, 4: 223. 1954. 

A comparison of lactose broth and borie acid 
as a presumptive enrichment media for the 
isolation of HF. coli from citrus products has 
been made. Borie acid broth was superior to 
lactose broth because of the number of positive 
presumptive tests, lower false positive tests and 
greater recovery of FE, coli. H. H. Weiser 
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920. Assay of antibiotics by use of methylene 
blue milk. I. A. Scuipper and W. FE. Perer- 
sen, Univ. of Minn., St. Paul. Am. J. Vet. 
Researeh, 15, 56: 475. 1954. 

A relatively simple method for determining 
concentrations of aureomycin and terramycin 
has been developed. It depends upon using an 
organism (B. mesentericus) that is sensitive to 
the antibiotics and also capable of rapid redue- 
tion of methylene blue. Suitable test organisms 
for other antibiotics have not yet been found. 
The method involves diluting the material to 
be assayed with a dried milk medium from 0 to 
10 times, and mixing this 1:1 with methylene 
blue containing the test organism. An anti- 
biotie standard is included in each series to 
determine the comparable dilution of material 
which produces the same methylene blue re- 
duction end point. E. W. Swanson 


921. Differences in the rates of deterioration 
of inoculated milk during summer and winter. 
T. J. Cuaypon, Kan. Agr. Expt. Sta., Man- 
hattan. Appl. Miecrobiol., 2, 4: 221. 1954. 
Sterilized milk samples were seeded with or- 
ganisms obtained from utensils, teat-cup liners, 
wash tank, floor water, manure, and feed on 
three grade-A dairy farms. The raw milk sam- 
ples obtained from these farms were held at 
10 and 24° C. The time required for the devel- 
opment of quality changes in the inoculated 
sterilized milk and the raw milk produced on 
the same farms was determined. A total of 451 
samples was examined during summer and 
winter seasons. Quality defects were more pro- 
nounced in summer than in winter. The holding 
temp. of raw milk following production is re- 
sponsible for the lower keeping quality during 
the summer. H. H. Weiser 


DAIRY CHEMISTRY 


922. Detection of adulteration of butter with 
vegetable oils by means of the tocopherol con- 
tent. J. H. Manon and R. A. CHapman, Food 
and Drug Lab., Ottawa, Canada. Analyt. 
Chem., 26, 7: 1195. 1954. 

The low tocopherol level in butter oil and 
high level in most vegetable oils provide a 
basis for the determination of adulteration of 
butter oil with vegetable oil. A rapid procedure 
employing a colorimetric method for the deter- 
mination of total tocopherol in butter oil is 
described. Synthetic butter colors and vitamin 
A alcohol are removed by extraction of the fat 
solution with 60 volume % sulfuric acid. Caro- 
tene which is not removed by this procedure 
must be estimated and a correction aplied. 
When the tocopherol value of butter oil is less 
than 50y per g. it should not be considered 
adulterated on the basis of tocopherol value 
although such butter could be adulterated with 
lard, tallow, or coconut oil. A tocopherol value 
greater than 60 definitely indicates adulteration. 

B. H. Webb 


ABSTRACTS OF LITERATURE 


923. Color changes in heated and unheated 
milk. I. The browning of milk on heating. 
H. Burron, Natl. Inst. for Research in Dairy- 
ing, Univ. of Reading, England. J. Dairy Re- 
search, 21, 2: 194. 1954. 

Reflectance methods were used to study the 
browning reaction in milk. Two different in- 
struments were employed, a Beckman spectro- 
photometer with reflectance attachment, and an 
EEL (Messrs. Evans Electroselenium Ltd?) re- 
flectance spectrophotometer. 

Heating milk for various times at 110° C. 
caused an initial rise in reflectance, followed by 
an approximately linear fall which was expo- 
nential in nature. Reflectance changes were 
most pronounced at the ultra-violet and blue 
end of the visible spectrum. Reflectance changes 
were more pronounced in separated milk than 
in homogenized whole milk, and the reflectance 
of 40% cream was only slightly affected. The 
fat phase tends to mask the changes iaking 
place in the other milk constituents. 

Curves are presented showing the variation 
of reflectance of separated milk with temp. and 
time. The variation of the logarithm of the 
rate of browning with temp. is linear over the 
range of 95°C. to 120°C. The Qw of the 
browning reaction was found to be 3.1 for 
separated milk and 2.95 for homogenized milk. 

The rate of browning of heated separated 
milk as measured by reflectance increased with 
increasing alkalinity. Variation of browning 
rate with pH followed a pattern similar to that 
obtained by Patton (J. Dairy Sei., 35: 1053. 
1952) who used the trypsin-digestion method 
of brownness determination. Addition of small 
amounts of formaldehyde to milk markedly 
reduced the rate of browning. It was further 
shown that no change in color occurred in 
sterilized milk during storage at temperatures 
up to 37° C, for 11 days. 

The practical application of reflectance meas- 
urements in the routine control of the steriliza- 
tion process is discussed. EK. L. Thomas 


924. Heat-induced acidity in milk. F. H. 
GRIMBLEBY, Dept. of Agr. Chem., Univ. of 
Reading, England. J. Dairy Research, 21, 2: 
207. 1954. 

Samples of separated raw milk were heated 
at 60, 70, 80, 90, and 100° C. for periods up 
to four hours and the titratable acidity, pH, 
formol titre and lactose were determined on 
the heated milks. Within the range of 60-80° C. 
an inverse relationship was found to exist be- 
tween titratable acidity and formol titre of 
heated milk, and between titratable acidity and 
lactose content. It is suggested that the com- 
bination of lactose and protein, with the elim- 
ination of basic amino groups, is one of the 
main reactions responsible for the heat-induced 
acidity. Above 80° C., where heat denaturation 
and thermal decomposition of the proteins 
occur, heat-induced acidity developed rapidly 
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and was accompanied by a marked inerease in 
the number of basic amino groups and in the 
number combining with lactose. Browning of 
the milk oceurred only above 80° C. and its 
intensity was proportional to the temp. and 
time of heating. The fact that combination of 
lactose and protein can occur without the 
simultaneous production of brown color is re- 
garded as evidence that the browning reaction 
proceeds in at least two stages. 


E. L. Thomas 


925. Effect of calcium removal by ion ex- 
change on the properties of fluid milk. R. D. 
CoLeMAN, 8S. J. BisHov, and J. H. 
Jr., Q.M. Food and Container Inst. for the 
Armed Forces, Chicago, Ill. Food Technol., 
8, 5: 211. 1954. 

The removal of Ca from fluid milk by ion 
exchange was investigated as a possible method 
of increasing the resistance of proteins to de- 
naturation when milk is subjected to high temp. 
in order to decrease lipid oxidation in the 
manufacture of dry whole milk and other dairy 
products. Cationic and anionic synthetic ex- 
change resins designated as Amberlites were 
used singly, in series and as mixtures in the 
demineralization of milk by the batch and 
column techniques. The milk was analyzed be- 
fore and after treatment for ash, Ca, fat, and 
N and the pH determined. Flavor evaluations 
of the milks were made by a panel of judges. 

A larger portion (up to 50%) of the Ca 
could be removed from milk with less change 
in flavor rating by using cationic and anionic 
resins in intimate mixture than by the use of 
these resins singly or in series. Change in pH 
was slight, even with extensive Ca removal, 
when the mixed-bed method was used. The 
effect of removing part of the Ca from milk 
on the resistance of the proteins to heat-induced 
changes was not studied. E. R. Garrison 


926. A simple method for preparing crystal- 
line rennin. N. J. BerrinGe and C. Woopwarp, 
Natl. Inst. for Research in Dairying, Univ. of 
Reading, England. J. Dairy Research, 20, 3: 
255. 1953. 

Simplified procedures for the preparation of 
crystalline rennin were developed as a result of 
greater knowledge regarding the solubility of 
rennin erystals along with the fact that com- 
mercial rennet of higher purity is now avail- 
able. The best of four successful preparations 
was obtained as follows: One gal. of commer- 
cial rennet was saturated with NaCl. The super- 
natant liquid was decanted onto large fluted 
filters made from Whatman No. 3 paper and 
filtration was completed in 4 days. The papers 
containing the entrained precipitated proteins 
were pulped and extracted with distilled water. 
The extract was adjusted to pH 5.4 and again 
saturated with NaCl added through a rotating 
semi-permeable membrane. The slow addition 
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of salt resulted in a granular protein precipi- 
tate which was centrifuged down and redis- 
solved in 60 ml. of distilled water. It was then 
stored overnight in a refrigerator, during which 
time a good yield of crystals was obtained. 
Throughout the process all solutions were kept 
saturated with thymol. The author discusses 
the possible uses of crystalline rennin in re- 
search and industry. EK. L. Thomas 


927. Titration curves of whey constituents. 
M. Bouter and D. Ross, Div. of Appl. Biology, 
Natl. Research Council, Ottawa, Canada. J. 
Dairy Research, 21, 2: 229. 1954. 

Data are presented showing the effect of 
varying phosphate, citrate, and whey protein 
concentration on the titration curves and satu- 
ration pH of artificial and natural milk sera. 
Titrations were made from pH 6.5 to 10.5 in 
the presence and absence of oxalate and the 
difference between the two curves was reported 
as “excess base.” 

The observed stability of Ca was found to be 
much greater than that predicted from the 
accepted solubility and dissociation constants. 
Using artificial sera, it was found that che pre- 
cipitation of Ca is greatly impeded by citrate. 
In the absence of citrate, precipitation of iri- 
calcium phosphate was complete at pH 6.0, but, 
in solutions containing citrate, precipitation 
was not complete at pH 10.0. In solutions in 
which considerable excess phosphate was pres- 
ent, precipitation of Ca ceased at about pH 9.7, 
even though the “excess base” consumption was 
less than the theoretical amount needed to pre- 
cipitate all the calcium as tricalcium phosphate. 
Thus, it was postulated that precipitation of 
dicaleium phosphate must have occurred. 

Significant differences were observed between 
titration curves for whey from fresh milk and 
that obtained from milk stored for three days 
at 40° F. KE. L. Thomas 


DAIRY ENGINEERING 


928. Defrosting low temperature evapora- 
tors. H. H. Haus. Ind. Refrig., 127, 33: 34. 
1954. 

Energy in the form of heat must be intro- 
duced in order to rapidly defrost the evapora- 
tor. Water defrost is simply a method of intro- 
ducing a liquid substance with a high thermal 
capacity, distributing it evenly over the entire 
coil, and then draining the water rapidly. Ordi- 
nary tap: water meets this requirement. It is 
economical and can be applied to either floor 
or ceiling type evaporators. The nozzles for 
distribution of the water should be arranged 
on a header so the water drains away from the 
nozzles at the end of the defrosting cycle. For 
the floor type evaporator coils spray is applied 
at the top of the coil bank. The ceiling type 
evaporator utilizes a perforated pan from 
which the drip contacts the evaporator coils. In 
the pan a one inch head of water is maintained 
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during the defrosting operation to insure foree- 
ful drip onto the coils. A drain with a mini- 
mum pitch of one-half inch per foot is used to 
carry away the water. The drain should be 
trapped outside the refrigerated area in order 
to keep warm and moisture laden air from 
entering from this source. Where more than 
one unit is hooked to a common drain each indi- 
vidual drain must be trapped before it enters 
the common one. Because of the rapidity of 
water defrost little rise in temperature occurs 
in the refrigerated space because heat is local- 
ized at the coil. L. M. Dorsey 


929. Apparatus and method for preserving 
products in sealed containers. W. McK. Mar- 
TIN (assignor to James Dole Engineering Co.). 
U. S. Patent 2,685,520. 17 elaims. Aug. 3, 
1954. Official Gaz. U. S. Pat. Office, 685, 1: 
175. 1954. 

Liquid food products which lend themselves 
to continuous bulk sterilization at high temps. 
for short holding periods are sterilized and 
filled continuously into cans previously steri- 
lized by passage through a zone of superheated 
steam. The filled containers are sealed with 
sterilized lids, the entire filling and sealing op- 
eration being conducted under aseptie condi- 
tions. A nonaqueous sterilized gas may be 
introduced into the equipment to provide cool 
filling and closing conditions. 

R. Whitaker 


930. Automatic pneumatic cooler door. L. L. 
Boyer (assignor to Knudsen Creamery Co.). 
U. S. Patent 2,685,376. 2 claims. Aug. 3, 
1954. Official Gaz. U. S. Pat. Office, 685, 1: 
135. 1954. 

An air operated automatic vertical sliding 
door in the wall of a refrigerated room for 
passage of cases of dairy products on a con- 
veyor. An approaching case triggers the air 
lift and the departing case closes it. 

R. Whitaker 


DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


Plastic containers can show and protect 


931. 
Anon. Milk Prod. J., 


your dairy products. 
45, 8: 24. 1954. 

Many dairy products manufacturers are us- 
ing plastic containers for their products. Ice 
cream, cottage cheese, other soft cheeses, and 
dried milk products lend themselves to mer- 
chandising in plastic containers. Plastie con- 
tainers are available in a wide variety of size, 
color, dimension, opacity, translucency, trans- 
parency, or description. 

The use of plastic containers increases sales 
by providing that “something extra” which can 
often clinch a sale. Eye appeal of “see-through” 
packages and their reusability have tremendous 
sales potential. J. J. Janzen 


ABSTRACTS OF LITERATURE 


932. New look in butter cartons. Anon. 
Milk Prod. J., 45, 8: 31. 1954. 

Full color pictures on packages prove effec- 
tive in building more sales. The new look ear- 
tons have been instrumental in stepping up 
sales at regular prices. This is part of the ADA 
sponsored merchandising program. Fairmont 
Foods, Ine. officials are very enthusiastic after 
trying this scheme on their butter cartons. Be- 
sides full color pictures of butter’s use with 
related items, one panel is devoted to delicious 
butter cookie recipes. J. J. Janzen 


933. Manufacturing costs per pound of but- 
ter. Anon. Milk Prod. J., 45, 8: 30. 1954. 
Three recent bulletins dealing with the cost 
of manufacturing butter are discussed. The 
bulletins are: (1) Research Bull. 389, “The 
Cost of Manufacturing Butter in 13 Iowa 
Creameries,” Iowa Agr. Expt. Sta., 1952. (2) 
Research Bull. 20, 1953. Idaho Expt. Sta., 
Moseow, (3) Station Bull. 420, Minn. Agr. 
Expt. Sta., University Farms, St. Paul, 1953. 
These reports deal with a cross section of 
both small and large plants giving the price 
ranges accordingly. J. J. Janzen 


934. Shifts in milk and cream production in 
Ohio. E. F. Baumer and R. H. Potiock, Ohio 
Agr. Expt. Sta., Wooster. Research Cir. 24. 
1954. 

Between 1943-1952 the number of producers 
selling milk to manufacturing plants decreased 
about 20%, or 10,000. During the same period, 
the number of producers selling milk to 21 
Ohio fluid markets increased from 22,000 to a 
peak of 29,000 in 1948 and then dropped to 
27,000 in 1952. Statistics for the period 1940- 
1950 showed that the increased demand for 
fluid milk resulted in a decrease of cream pro- 
duction and number of producers. 

R. W. Hunt 


FEEDS AND FEEDING 


935. The magnitude of the microbial fermen- 
tation in the bovine rumen. E. G. Carron and 
R. E. Huneare, Dept. of Bact., Wash. State 
Coll., Pullman. Appl. Miecrobiol., 2, 4: 205. 
1954. 

The rate of volatile acid production and the 
total volatile acidity was measured at stated 
intervals in rumen contents incubated under 
conditions simulating those of the rumen. 
Acetic, butyric, and propionie acid fractions 
were determined. A study also was made of 
volatile acids produced when the animals were 
fed different rations. Grain-fed animals were 
the highest, hay-fed were intermediate and the 
pasturage animals showed the lowest rate of 
acid production. The energy available was caleu- 
lated from the fermentation acids and found 
to be approximately 70% of the estimated total 
energy requirement. H. H. Weiser 
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936. Factors involved in forage quality for 
dairy calves. M. EK. Ga. Agr. 
Expt. Sta., Athens. Tech. Bull. 3. 1953. 

A new method for determining quality of 
roughage is diseussed. Various ratios are deter- 
mined in order to obtain an evaluation number. 
This value is applied to the particular types 
of roughages studied so the user has an index 
to their quality. R. W. Hunt 


937. The effect of tannins in Korean lespe- 
deza and other feeds on milk production. 
H. A. Herman, G. W. Granam, and K. W. 
Bower, Mo. Agr. Expt. Sta., Columbia. Re- 
search Bull. 532. 1953. 

Over 9,000,000 acres of Korean lespedeza are 
grown annually in Mo. Many farmers claim 
that cows on matured pastures often fall off 
in their production. The tannic acid in the feed 
is generally blamed for this “drying off” effect. 
However, after investigating the tannin con- 
tent as affected by season, palatability, and tan- 
nin content of Korean lespedeza versus other 
type of roughages, it was concluded that tan- 
nins are not a factor in the decline of milk flow. 
More likely the lowered nutrient value and 
high lignin content cause a lack of available 
nutrients. R. W. Hunt 


938. Experimental tocopherol deficiency in 
young calves. J. W. Sarrorp, K. F. SwiInGue, 
and H. Marsu, Mont. Agr. Expt. Sta., Boze- 
man. Am. J. Vet. Research, 15, 56: 373. 1954. 

Four calves after three colostrum feedings 
were fed a synthetic milk containing all known 
required vitamins except HK, and two were fed 
the same diet plus 148 mg. of d-a-tocopherol 
acetate daily. The latter developed normally 
with no signs or lesions of deficiency. The un- 
supplemented calves showed the following 
symptoms beginning at the 14th day: weak- 
ness of leg muscles with a wobbly, staggering 
gait, getting progressively worse until the calf 
could not stand, and if supported it was affected 
by severe muscle tremors. A relaxation of the 
fetlocks, toe spreading, and relaxation of the 
shoulder muscles allowing the suprascapula to 
spread also developed. Some of the calves had 
difficulty nursing nipples because of tongue 
weakness. All but one had nearly normal 
weight gains. 

Two of the deficient calves were supple- 
mented with a-tocopherol after deficiency signs 
developed and showed satisfactory clinical re- 
covery. Body temperatures, erythrocyte and 
leucocyte counts, and hemoglobin were not 
altered in the deficient calves. Heart action was 
affected. Electro-cardiograms showed longer 
P-R and Q-T intervals in the deficient calves. 
Gross and microscopic muscular dystrophic 
changes were observed in all of the deficient 
calves when slaughtered at 33 to 51 days. These 
symptoms and lesions were very similar to those 
which have been observed in “white muscle” 
disease in calves. K. W. Swanson 


939. Studies of the secretion of milk of low- 
fat content by cows on diets low in hay and 
high in concentrates. II. The effects of the 
protein content of concentrates. C. C. BALcu, 
D. A. Batcu, S. Bartuerr, C. P. Cox, S. J. 
Row Lanpb, and J. Turner, Natl. Inst. for Re- 
search in Dairying, Univ. Reading, England. 
J. Dairy Research, 21, 2: 165. 1954. 

Twenty cows, mainly Shorthorns, within 4 
groups were randomly assigned to 5 rations, 
A-K, in an experiment lasting 13 wk. The con- 
trol diet, A, was 18 lb. hay (lucerne, 12% erude 
protein) and 4 lb. (16.5% protein) concentrate 
per 10 lb. milk daily. In rations B-E 12 lb. 
hay were replaced with 6 additional lb. concen- 
trate from the 3-9 wk. The concentrate for 
groups B-C was 22.3% crude protein for D-E 
11.6%. In wk. 7-9 group C and D received 10 
ib. delignified straw pulp (1 Ib. erude fiber) 
daily in addition to their regular ration. All 
rations in wk. 1, 2, 9, and 10 were control ra- 
tions; all cows were on pasture during the last 
2 wks. Composite am/pm samples of milk were 
collected 3 times weekly for analyses. 

Compared to the group on control diet the 
other rations did not affect total milk yield. The 
fat content of the milk of cows receiving low 
roughage decreased but the drop was less for 
those cows further along in lactation. Cows on 
the lower protein dropped further and faster 
than those on high protein but the differences 
were small. Fiber from straw apparently did 
not influence fat content in the 2 rations. Values 
for butterfat increased when roughage was re- 
turned to the ration and pasture increased the 
fat content and the milk yields of all groups. 
In the 7-9 wk. the solids-not-fat inereased in 
the milk of cows receiving ration C and D 
(period of lowest fat content). 

J. D. Donker 


940. Studies of the secretion of milk of low- 
fat content by cows on diets low in hay and 
high in concentrates. III. The effect of varia- 
tions in the amount and physical state of the 
hay and a comparison of the Shorthorn and 
Friesian breeds. C. C. Batcn, D. A. Baucn, 
S. Bartiert, Z. D. Hoskine, V. W. JoHnson, 
S. J. Row.anp, and J. Turner, Natl. Inst. for 
Research in Dairying, Univ. Reading, England. 
J. Dairy Research, 21, 2: 172. 1954. 

Sixteen Shorthorn and 4 Friesian cows were 
used to determine the effects of reducing the 
amount of hay from 16 to 4 lb. and of grinding 
the hay upon the fat content and yield of milk. 
When roughage was changed in the ration an 
additional amount of grain of approximately 
the same protein content was substituted to 
balance the requirements of the cows. Com- 
pared to 16 lb. of roughage, 12 lb. did not lessen 
the fat content of milk. The 8 and 4 lb. levels 
depressed the fat content. Ground hay at the 
8 lb. level caused a more serious depression of 
fat than did the long hay. When less than 16 
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lb. of hay were used the decline in milk yield 
with time was excessive. This was checked 
when cows were returned to control rations. 
Friesian cattle behavior was similar to that of 
the Shorthorns. J. D. Donker 


HERD MANAGEMENT 


941. Effects of once-daily milking in late 
lactation. W. R. Hesse_tine, R. D. Mocurie, 
H. D. Eaton, F. I. Exuiorr, and G. 
Storrs Agr. Expt. Sta., Storrs, Conn. Bull. 
304. 1953. 

One member from each of 5 pairs of cows 
was milked only once daily during the last nine 
weeks of a 305-day lactation to determine effects 
on milk production and milking time when com- 
pared with her pair-mate which continued to 
be milked twice daily. Cows milked once daily 
produced significantly less 4% F.C.M. The 
once-daily milked cows required about half the 
normal machine time. No significant differences 
were observed for milk from cows on once and 
twice-daily milking in respect to leucocytes, 
chloride values, or pH. R. W. Hunt 


942. Farm bulk milk handling. R. P. Marcu, 
Dept. of Dairy Ind., Cornell Univ., Ithaca, 
N. Y. J. Milk and Food Technol., 17, 7: 210. 
1954. 
The advantages and disadvantages of farm 
bulk milk handling are discussed. The advan- 
tages listed include: (1) milk is measured, 
judged, and sampled on the farm; (2) about 
one lb. per ewt. or 4 to 5¢ saving in milk vol- 
ume; (3) a saving of fat ranging from 0 to 5¢ 
per ewt.; (4) the elimination of milk cans saves 
about 2¢ per ewt.; (5) a reduction in hauling 
. rates may be possible; (6) saving in labor; 
(7) better quality milk if properly handled; 
(8) highly adaptable to pipe line milkers. 
Disadvantages of bulk milk handling are: 
(1) considerable capital is required for tank 
and installation; (2) freezing in some tanks 
may oceur if not operated properly; (3) use of 
system may require expensive modification of 
milkhouse; (4) expanded hot and cold water 
facilities to meet greater demands for water. 
H. H. Weiser 


943. The cooling efficiencies and water pres- 
sures of some surface milk coolers for farms. 
J. K. Scort, Dairy Research Inst., Palmerston 
North, New Zealand. J. Dairy Research, 20, 
3: 280. 1953. 

Three basic types of surface coolers, repre- 
sentative of those in use on farms were tested 
for cooling efficiency, allowable flow rates under 
varieus controlled conditions, and cooling water 
pressures for various rates of flow. 

At a cooling-water ratio of 3:1, the temp. 
difference at the bottom of the cooler ranged 
from 3.3 to 7° F. for normal coolers. The 
allowable flow rate per sq. ft. of cooling surface 
varied from 33.8 to 114 lb/hr when cooling to 
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3° F. difference with a cooling-water ratio of 
3:1. The results showed that the corrugated 
plate design had higher allowable capacity at 
low flow-rates of cooling water than the tubular 
designs. In all eases the cooling effect of the 
atmosphere was small. 

At 3000 lb/hr. of cooling-water, the pressure 
loss was 3 lb/sq in. for the corrugated plate 
cooler, and appriximately 0.2 lb/sq in. per tube 
for the tubular coolers. The pressure loss for 
the tubular coolers varied approximately pro- 
portional to the square of the rate of flow. 

E. L. Thomas 


944. Reducing costs of raising dairy heifer 
replacements. L. P. SHarp and W. SuLtivan, 
Calif. Agr. Expt. Sta., Berkeley. Cir. 435. 
1954. 

This bulletin supplies a plan for raising 
ealves from birth to 24 months. Total costs 
(labor, feed, and ealf) of raising the mature 
ealf is approximately $255.12. R. W. Hunt 


945. Livestock sprayer. C. J. RicHARDSON 
and A. C. West. U. 8S. Patent 2,684,658. 1 
elaim. July 27, 1954. Official Gaz. U. S. Pat. 
Office, 684, 4: 807. 1954. 

A metal frame and pipe structure designed 
to spray cattle with insecticides as they walk 
through it. R. Whitaker 


946. Portable milk cooler. M. M. Karr. U.S. 
Patent 2,685,132. 7 claims. Aug. 3, 1954. Offi- 
cial Gaz. U. S. Pat. Office, 685, 1: 64. 1954. 
A eooler for cooling milk on a farm is de- 
scribed. The cooler consists of a jacketed verti- 
eal drum which rests on a milk can and which 
supports a milk supply tank and strainer on 
top. A cover protects the milk as it is being 
cooled. The inlet and outlet pipes carrying the 
cooling liquid, are used as handles for moving 
the cooler from can to ean. R. Whitaker 


947. Miik line flushing system and valve 
mechanism and regulator therefor. H. A. 
HecKENvorF (assignor to International Har- 
vester Co.). U.S. Patent 2,685,884. 13 claims. 
Aug. 10, 1954. Official Gaz. U. S. Pat. Office, 
685, 2: 343. 1954. 

A system of two vessels and a valve for auto- 
matically flushing the tubes of a vacuum oper- 
ated milking machine. R. Whitaker 


948. Self-dumping monorail live stock feed 
dispenser. W. W. Marvin (assignor to Pacific 
Dairy Machinery Co.). U. S. Patent 2,685,863. 
10 claims. Aug. 10, 1954. Official Gaz. U. S. 
Pat. Office, 685, 2: 336. 1954. 

A monorail suspended from the ceiling of the 
barn, provides a support for a traveling feed 
bin which may be automatically stopped in 
front of each cow and set to deliver a predeter- 
mined quantity of feed. R. Whitaker 


| 


ICE CREAM 


949. Auatomatically controlled valve assem- 
bly for milking machines. A. R. Hii and J. E. 
Jones. U. 8. Patent 2,685,862. 4 claims. Aug. 
10, 1954. Official Gaz. U. S. Pat. Office, 685, 
2: 336. 1954. 

A valve is deseribed for delivering milk from 
a vacuum operated milker to a milk reservoir 
at atmospherie pressure. R. Whitaker 


ICE CREAM 


950. Profit through pump-and-pipe process- 
ing. J. R. Frye, Cherry-Burrell Corp., Chi- 
eago, Ill. Food Eng., 26, 7: 76. 1954. 

At the H. A. MeDonald Creamery, Detroit, 
batch vat-pasteurizing for ice cream making has 
been revamped to achieve a more mechanical 
operation. The core of the system is a 5000 |b. 
weigh-can on a dial reading seale. Fluid ingre- 
dients are pumped from remote storage tanks 
to the weigh-can by central control. About 10 
min. are required to formulate approximately 
4000 lb. of mix. Modified continuous pasteuriz- 
ing is attained with a series of 3 pasteurizing 
vats. The homogenized and coloed mix is stored 
in four 1500 gal. tanks. The system has a po- 
tential output of 6000 gal. mix/8 hr. day. Sub- 
stantial economies have been realized with the 
new layout. T. J. Claydon 


951. Ice cream cabinet attachment. M. E. 
Weiss. U. S. Patent 2,685,980. 2 claims. Aug. 
10, 1954. Official Gaz. U. S. Pat. Office, 685, 
2: 370. 1954. 

A clamp with teeth for holding cylindrical 
bulk ice cream cans from rotating as the ice 
cream is dipped from the cans stored in ice 
cream cabinets. R. Whitaker 


952. Stabilizing device for ice cream tubs. 


G. E. Ruppert. U. S. Patent 2,684,172. 1 
elaim. July 20, 1954. Official Gaz. U. S. Pat. 


Office, 684, 3: 610. 1954. 

A device for holding cylindrical shaped cans 
of ice cream when placed in cabinets having 
square sleeves, consisting of a square metallic 
platform which fits within the sleeve and to 
which is attached a ring of metal with pointed 
tines or fins bent almost vertically upward and 
so spaced that the metal rim of the bottom of 
the ice cream carton is gripped by the tines 
and the can is held against rotation when the 
ice cream is dipped. R. Whitaker 


MILK AND CREAM 


953. Variations in the fat content of human 
milk during suckling. W. G. WuiIrrLestone 
and D. R. Perrin, Ruakura Animal Research 
Sta., Dept. of Agr., Hamilton, New Zealand, 
J. Dairy Research, 20, 2: 204. 1954. 

It was found that human milk was similar 
to cow’s milk and different from sow's milk in 
creaming properties. The human milk did not 
separate as quickly as cow's upon setting at 
body temperatures, There was no differential 
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pattern in fat globule size in milk samples 
taken throughout the suckling period. The fat 
content increased on an average from 1.3% in 
first drawn milk to 4.1% from last milk. 

J. D. Donker 


MILK SECRETION 


954. A recording tympanometer for the 
measurement of intramammary pressure in the 
cow. D. S. M. Puiuiips, Ruakura Animal Re- 
search Sta., Dept. of Agr., Hamilton, New 
Zealand. J. Dairy Research, 21, 2: 178. 1954. 
An instrument consisting of a tympanometer 
to measure pressures and a continuous record- 
ing attachment is described. This device meas- 
ures static as well as changing pressures in a 
range of 0-30 in. water. The manually operated 
device, placed against the wall of the udder 
cistern in close contact with the skin, records 
changes in the intramammary pressures in the 
lower cistern of the udder without the dis- 
turbances occasioned by direct access to the 
interior of the udder. J. D. Donker 


955. Intramammary pressure changes in the 
lactating sow. II. The effects of vasopressin 
and acetylcholine. W. G. WuirrLestone, Rua- 
kura Animal Research Sta., Dept. of Agr., 
Hamilton, New Zealand. J. Dairy Research, 
20, 2: 183. 1954. 

Vasopressin and acetylcholine were compared 
to oxytocin as to the characteristic pressure 
curves obtained in the mammary gland of the 
sow. The response of the mammary tissue to 
vasopressin, acetylcholine, or oxytocin appears 
to be alike when considering the time-pressure 
relationship. Acetylcholine in dosages which 
did not cause an ejection of milk caused other 
responses, e.g. salivation, and in one case death 
from 0.2 g. Histamine (0.4 mg.), which at times 
caused a pronounced expansion of skin blood 
vessels, did not result in an ejection of milk. 

J. D. Donker 


956. Intramammary pressure changes in the 
lactating sow. III. The effects of level of dose 
of oxytocin and the influence of rate of injec- 
tion. W. G. Wuirriestone, Ruakura Animal 
Research Sta., Dept. of Agr., Hamilton, New 
Zealand. J. Dairy Research, 20, 2: 188. 1954. 
Measuring the response to a given injection 
by intramammary pressure recordings, approxi- 
mately 0.05 ia. of oxytocin was the minimum 
effective amount in a 400 Ib. sow. The response 
to this amount depended upon the injection 
being given in < 2 see. There was no response 
if the injection period was prolonged with this 
small dosage. When using larger amounts (1.0 
to 5.0 im.) there was a biphasic response with 
peaks of contraction about 18 see. apart. Inter- 
mediate dosages brought about the biphasic re- 
sponse usually only if the injection period was 
prolonged, Larger amounts brought about mal- 
tiple contractions independently of the injee- 
tion times, J. D. Donker 
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NUTRITIVE VALUE OF 
DAIRY PRODUCTS 


957. Reviews of the progress of dairy sci- 
ence. Section D: Nutritive value of milk and 
milk products. S. K. Kon and K. M. Henry, 
Natl. Inst. for Research in Dairying, Shinfield, 
England. J. Dairy Research, 21, 2: 245. 1954. 

This comprehensive review covers the three 
year period since the publication of the previ- 
ous one (J. Dairy Res., 18: 317. 1951). The 
930 references are reviewed under the following 
principal headings : 


I. Introduction. 
II. General. 


III. Nutritive value as estimated in labora- 
tory and field experiments. 
A. Raw milk 
B. Treated milk 
C. Milk products 
IV. Nutritive value of milk for man. 
A. General 
B. Milk components 
C. Effeet of treatment 
E. L. Thomas 


958. Purified casein for nutritional research. 
A. M. Copping. Nature, 173, 4416: 1165. 
1954. 

A brief review is given of the properties of 
the purified casein now being used by many 
laboratories engaged in nutritional research. 

R. Whitaker 


PHYSIOLOGY AND ENDOCRINOLOGY 


959. Summary of known metabolic functions 
of nicotinic acid, riboflavin, and vitamin B.. 
E. E. SNELL, Univ. of Texas, Austin. Physiol. 
Rev., 33, 4: 509. 1953. 

Nicotinie acid oceurs in biological materials 
in free form, as the amide, and in three coen- 
zymatically active forms: diphosphopyridine 
nucleotide (Coenzyme I), triphosphopyridine 
nucleotide (Coenzyme IL) and Coenzyme III. 
These coenzymes, together with appropriate 
apoenzymes, serve as (1) hydrogen acceptors 
(oxidizing agents) in the dehydration of a great 
variety of metabolically active compounds, and 
(2) phosphorylation of inorganic phosphate 
resulting in the formation of an energy-rich 
phosphate bond. 

Riboflavin oceurs naturally in the free form 
and as the coenzymes: riboflavin-5’-phosphate 
and flavin-adeninedinucleotide. The coenzymes 
may combine with apoenzymes to form flavo- 
proteins which serve as hydrogen carriers in 
metabolism. They commonly link with the cyto- 
chrome system in utilizing molecular oxygen in 
respiration. 

Pyridoxine, pyridoxamine, and pyridoxal as 
well as pyridoxamine phosphate and pyridoxal 
phosphate occur naturally. The latter is the 


coenzyme for a great variety of enzymes in- 
volved in catalyzing various transformations of 
amino acids such as degradation and synthesis. 
Vitamin Bs appears also to be in some way con- 
cerned in fat metabolism. E. G. Moody 


960. Metabolic functions of pantothenic acid. 
G. D. Novi..1, Hardvard Med. School, Boston. 
Physiol. Rev., 33, 4: 525. 1953. 

Nutritional deficiency of pantothenic acid 
may lead to a large variety of pathological 
changes in most tissues of the body, affecting 
particularly the adrenal cortex, the nervous sys- 
tem, the skin and hair, and antibody produe- 
tion. Most, if not all, of the pantothenate in 
tissues is found as Coenzyme A. CoA serves 
metabolically by (1) its interaction with acetyl 
groups derived from carbohydrate, amino acids, 
and fatty acids from both dietary sources and 
the utilization of pyruvate; (2) the CoA-acetyl 
reactions considered as detoxication mecha- 
nisms; (3) the effect on cholesterol and steroid 
hormone synthesis; (4) the oxidation of fatty 
acids; and (5) the provision of acetyl-CoA to 
initiate the Krebs cycle allowing the use of a 
more efficient system for energy production 
than the glycolytic system. E. G. Moody 


961. Metabolic functions of thiamine and 
lipoic acid. L. J. Reep, Univ. of Texas, Austin. 
Physiol. Rev., 33, 4: 544. 1953. 

Thiamine in the form of its coenzyme, thia- 
mine pyrophosphate (cocarboxylase), is in- 
volved in the enzymatic decarboxylation of 
alpha-keto acids. Lipoie acid (6, 8-dithioocta- 
noie acid) is a bioeatalyst for which recognized 
enzymatic functions and nutritional require- 
ments have been established. However, it has 
not yet been demonstrated to be a dietary re- 
quirement for higher animals. The review is 
concerned with current research on the meta- 
bolic functions of lipoie acid and thiamine 
which had not previously been summarized. 
Topies specifically discussed were (1) the role 
of lipoie acid and thiamine in the oxidative 
déearboxylation of alpha-keto acids, (2) the 
role of thiamine in the generation and utiliza- 
tion of “active glycolaldehyde” and (3) a pro- 
posed role of lipoie acid in the light reactions 
of photosynthesis. E. G. Moody 


962. Metabolic functions of biotin. H. A. 
Larpy and R. PEANASKY. Univ. of Wis., Madi- 
son. Physiol. Rev., 33, 4: 560. 1954. 

The deficiency symptoms in animals—derma- 
titis, hair loss and muscular ineoordination—do 
not indicate the mode of action of the vitamin. 
Studies with microorganisms and animal tissue 
preparation have brought to light a variety of 
carboxylation and decarboxylation reactions 
which are influenced by biotin. These have 
been reviewed. E. G. Moody 
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963. Antibiotics in animal nutrition. E. L. R. 
Sroxstap, Lederle Laboratories, American Cy- 
anamid Co., Pearl River, N. Y. Physiol. Rev., 
34, 1: 25. 1954. 

A review is given of the literature dealing 
with the growth response of various antibac- 
terial compounds such as sulfas, quaternary 
nitrogen compounds , and arsenicals, as well as 
the antibiotics. Growth responses have been 
reported for poultry, rodents, dogs, and swine. 
No effect on growth was observed for mature 
ruminants; calves, however, responded to the 
extent usually of 20-30% when receiving 15- 
100 mg. antibiotic daily. Penicillin was ineffec- 
tive for calves. Antibiotics reportedly have a 
sparing action on vitamins A, Bu, thiamine, 
riboflavin, pyridoxine, choline, and certain un- 
known factors, Ca, NaCl, and Mn, and in mam- 
mals a protein sparing effect. It was concluded 
that the action of the antibiotic on growth is 
confined to its effect on the bacteria in the 
intestinal tract. One of the more plausible ex- 
planations for this effect being the inhibition 
of microorganisms which are deleterious because 
they produce toxie compounds or damage the 
intestinal tissues as noted by the increased re- 
sponse under diseased or unsanitary conditions. 

E. G. Moody 


964. Current concepts of the action of insu- 
lin. W. C. Srapie, Univ. of Pa., Philadelphia. 
Physiol. Rev., 34, 1: 52. 1954. 

The review discussed the role of insulin in 
(1) the transfer of glucose across the cell, 
(2) controlling the rate of hexose-6-phosphate 
formation, (3) the regeneration of ATP, and 
(4) the possible association with the oxidative 
reactions in the Kreb’s eyele. —E. G. Moody 
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965. Water and electrolyte metabolism. J. F. 
Manery, Univ. of Toronto, Ont. Physiol Rev., 
34, 2: 334. 1954. 

Literature pertaining to the metabolism of 
water and the chlorides, bicarbonates, and phos- 
phates of Na, K, Ca, and Mg were reviewed. 

E. G. Moody 


966. Environmental physiology and shelter 
engineering. H. J. THompson, D. M. Wor- 
STELL, and S. Bropy, Mo. Agr. Expt. Sta., 
Columbia. Research Bull. 531. 1953. 


Tabular and graphic data are presented 
showing effects of high and low relative hu- 
midity on weight loss, total vaporized moisture, 
and surface temp. of Jersey, Holstein, Brown 
Swiss, and Brahma cattle. Air temp. used 
were 12, 40, 75, 85, 95, and 100° F. At 12 and 
40° F., there was no indication that increasing 
humidity affected vaporization rate. At 75, 85, 
and 95° F., there was a noticeable decrease of 
vaporization with increasing humidity. Indi- 
vidual differences and experimental variation in 
air temp. may have masked some of the smaller 
effects of humidity. Brahma cows dissipated a 
greater percentage of their total heat at high 
temp. than European cattle. Thermocouple 
measurements were taken on skin temp. of 15 
different parts of the body. At 85° F. and 
above, skin and hair temp. increased somewhat 
on increased relative humidity, but at low temp. 
there was no significance. Skin temp. appeared 
lower in Brahmans than in European-evolved 
breeds at air temp. above 85° F. A striking 
feature of this data was that at 12°F. air 
temp., skin temp. of the Jersey hoof cleft was 
about 30° F., that of the milkwell 85° F. 
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COW CLIPPING TIME IS HERE 


Emphasize Regular Clipping as the first step in 


producing quality milk 


STEWART 


ELECTRIC 


CLIPMASTER 


When cows are stabled, good sanitary 
practice calls for a regular clipping 
pare. Clipped cows are easier to 

eep clean. Clean cows mean less 
sediment and a lower bacteria count. 
Milk with a lower bacteria content is 
more desirable. 

Leading health authorities say: “A 
regular clipping program means 
more wholesome milk. It is an essen- 
tial step in the production of quality 
dairy products.” Emphasize the ad- 
vantages of regular clipping. It 
reduces sediment, lowers bacteria, 
avoids contamination and increases 
— from production of cleaner, 

igher quality milk. 


Free! 


Bulletin 100—‘The 


Method and Benefits 
of Clipping Dairy 
Cattle and Other 


Farm Animals.” This 
handy manual illus- 
trates the 5 simple 
steps in clipping 
dairy cattle that can 
be easily learned by everyone. Con- 
tains no advertising. Send for your 
free copy. 


Powerful Motor 
Inside the 
Handle 


Handy, interchangeable electric Grooming 
Brush head fits Clipmaster. 


An electric grooming brush saves time and 
does a more thorough job of cleaning than 
hand brushing. 


SUNBEAM CORPORATION cormerty Chicago Flexible Shaft Co.) Dept. 141, 


5600 West Roosevelt Road, Chicago 50, Illinois 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Reg. U.S. GBI Pat. Off. 


Creamy Smooth 


FULL BODIED 


ICE-CREAMS 
Are Made with 


BODY-GUARD..... 


The STABILIZER that 

Guards Your Quality 
WRITE 

for Folder No. 207 describing 

this Top Value in Stabilizers. Ask 

about our Special Trial Offer. 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK © CHAGRIN FALLS, OHIO 
A LITTLE BODY-GUARD GOES A LONG WAY 


DAIRY PREPARATIONS 


(0 CHEESE RENNET AND COLOR 
[0 COTTAGE CHEESE COAGULATO 
(0 ANNATTO BUTTER COLOR 
(1 DANDELION BUTTER COLOR 
(0 CERTIFIED BUTTER COLOR 
(10 STARTER DISTILLATE 
CD ICE CREAM COLOR 
C0 LACTIC FERMENT CULTURE 
CULTURE FLASKS 
(0 CULTURE CABINETS 
(0 TESTING SOLUTIONS 
(1D ODORLESS TYPE DAIRY FLY 
SPRAY 
Check and Mail for Literature 


CHR. HANSEN'S LABORATORY, INC. 
MILWAUKEE 14, WIS. 


Copies of the 


20-YEAR INDEX 


covering Volumes I to XX, inclu- 


sive are available at the following 


prices: 

MEMBERS 

Paper Bound ......... 2.00 

NON-MEMBERS 

Cloth Bound ......... $5.50 
Paper Bound......... 5.00 


Your advertisement is being read in every State and in 45 Foreign Countries 


or Hign Wualny Dairy Products 


JOURNAL OF DAIRY SCIENCE 


Journal of 
Dairy Science 


When Answering Advertisements 


THIS HELPS BOTH THE 
ADVERTISER AND YOU 


Now Available... 


a limited supply of the new 


DECENNIAL INDEX 


of the 
JOURNAL OF DAIRY SCIENCE 


Covering Volumes XXI- XXX. 
All Copies Clothbound. 


COST: Members, $6.50 
Non-members, $7.50 


Send check or money order to the 


AMERICAN DAIRY SCIENCE 
ASSOCIATION 
Ohio State University 
Columbus 10, Ohio 


REVOLUTIONARY 
NEW CLEANING 
METHOD FOR 
HIGH 
TEMPERATURE 
EQUIPMENT 


0 RK SYSTEM OF CLEANING 


Again Klenzade leads with a remarkable new 
cleaning chemistry advance — Chelation. 
Initial cleaning with Klenzade O-R Organic 
Acid Cleaner is followed with Klenzade O-R 
Alkaline Cleaner. This producec an amazing 
series of chemical reactions — each one super- 
powered for a variety of specific cleaning 
actions never even approached before. "Chela- 
tion" prevents precipitation of water-borne 
minerals and assures film-free surfaces. Let 
us demonstrate to you that this revolutionary 
chemical cleaning advance — the Klenzade 
O-R System — will definitely save you hundreds 
of dollars annually. 


Write for Details 


Single 
“BELOIT, WISCONSIN 


Your advertisement is being read in every State and in 45 Foreign Countries 
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*FRIGIDRY’ 


TRADE MARK 


DAIRY CULTURES 


Save Time—Save Mon- LYOPHILIZED* 


ey — Avoid Trouble. for 

Use ftapid-growing UNIFORMITY 
*Frigidry’ cultures to e 
produce mother cul- yiapiLIty 
ture in one generation e 


and take guess work grapitity 


out of making good Uhlan 
uum, 
buttermilk, butter and sub-zero drying 


cheese. process. 


FRE E— Write for Booklet No. 206 on produc- 
tion of Cultured Dairy Products. 


GENERAL BIOCHEMICALS, Inc. 


20 LABORATORY PARK e CHAGRIN FALLS, OHIO 


UNIFORMITY 
IS IMPORTANT! 
Leading agricultural 
schools and colleges 
agree that the regular 
weekly use of FLAV- 
O-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 

milk products. 


| YOGHURT CULTURE| 


FLAV-O-LAC FLAKES 


(shown) produce a quart 


of the finest 


starter on a single propagation. Single 


bottles $2.00. 


New Cheddar Cheese Culture 
Flav-O-Lac Flakes S. durans 
$2.00 (plus postage) 


THE 


DAIRY LABORATORIES 


28rd & Locust Sts., Phila. 3, Pa. 
BRANCHES 
New York 


>DALABE | 
[ASSOCIATES 


Baltimore Washingten 
See our catalog in Dairy Industries Catalog 


soon after the end 
of the milking period 


Using a direct, efficient refriger- 
ation system, Mojonnier Bulk 
Coolers cool the milk to low tem- 
peratures soon after the end of 
the milking period. Temperature 
rise during the second milking is 
held to a very minimum with 
Mojonnier Bulk Coolers. 

As a result, Mojonnier Bulk 
Coolers produce quality bulk milk 
at the lowest possible operating 
cost. 

_ All stainless steel Mojonnier 
Bulk Coolers with round bottom 
design insure calibration stability 
plus easy cleaning. 


Bulletin 290 gladly sent upon request. 
Call or write: 


MOJONNIER BROS. 


4601 W. Ohio St., Chicago 44, Illinois 


co. 


Mejennier BULK COOLERS 


Year.In, Year Out— 
: 
3. 


Bacto-Dehydrated Media 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition 
of specified increasing amounts of the vitamin or amino 
acid being assayed to obtain a growth response which may 
be measured by acidimetrie or turbidimetrie methods for 
the construction of standard curves. The vitamin or amino 
acid content of the material under assay is determined by 
adding appropriate concentrations of the test substance to 
the basal medium and comparing the growth response 
obtained with that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM 
BACTO-B,, ASSAY MEDIUM USP BACTO-METHIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN B,, AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 
BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
BACTO-CYSTINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The following media have been devel- 
oped especially for carrying stock cultures and for prepara- 
tion of the inoculum: 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-B,, CULTURE AGAR USP 
BACTO-MICRO INOCULUM BROTH BACTO-B,, INOCULUM BROTH USP 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO ACcIDs, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature available upon request 


Dirco LABORATORIES 
DETROIT 1 MICHIGAN 


4 
pb. BULLY 
A 
¢ 
4 
3 } 


a 
q 
q 
i 
| 


